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Naphthenic acids, a petroleum refining 
by-product, have been of interest to the 
1930. 
Rapid development of manufacture of this 
by-product occurred in this country after 
1937.' Although wide use has been found 
for the naphthenic acids as paint driers and 
fungicidal agents, little is known of their 
Vicklund * 
gated the dermatologic properties in man 
of copper naphthenate prepared from three 
naphthenic acid fractions; all samples pro- 
duced skin irritation, with the frequency of 
skin reactions increasing from the low- to 
the high-boiling fractions. Walters* re- 
ported that, when used as a wood preserva- 
tive for feeding troughs and animal housing, 
copper naphthenate (2% elemental copper) 
would not harm livestock. The available 
literature is not sufficiently detailed to enable 
an expression of opinion as to the toxicologic 
properties of the compounds. To aid in 
evaluating the relative toxic effects of the 
commercially available naphthenic acids and 
their metal salts, this study was conducted 
with the objective of screening various prod- 
ucts for their 


American petroleum refiners since 


toxicologic properties. investi- 


toxic manifestations in 
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Toxicity of Vaphthenic Acids 
andl Whtal Salts 


The studies were con- 
ducted on two refined fractions of the naph- 
thenic acids and seven metal naphthenate 
salts; testing was limited to oral and intra- 
peritoneal toxicity in rats and to pilot 
metabolism studies of one of the salts (lead ) 


laboratory animals. 


in the same species. 


PROPERTIES AND USES OF NAPHTHENIC ACIDS 

Chemical Properties —Mixtures oi acids 
recovered from straight-run distillates of 
petroleum, mostly from kerosene and gas-oil 
cuts, now known as naphthenic acids, are 
identified by origin and acid number.'' The 
commercial naphthenic acids have acid num- 
bers ranging from 200 to 300. Chemically, 
they have been classified as monobasic car- 
boxylic acids of the formulas C,H2,;—2Oz and 
C,H2,—-,O2, with the former group pre- 
dominating. Cyclohexane derivatives have 
been demonstrated in only trace quantities, 
thus leading to the assumption that com- 
mercial naphthenic acids are essentially 
mixtures of small quantities of low-molecu- 
lar-weight fatty acids and cyclopentanoic 
acids. The latter may be considered the 
real naphthenic acids of this general formula: 

Naphthenic acids are viscous liquids with 
a lasting objectionable characteristic odor. 
Freshly distilled, they are colorless and almost 
odorless, but on storage the specific odor and 
coloration develop; the color varies with 
purity from a dark ruby red to a bright 
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yellow. They are completely soluble in all 
vegetable and mineral oils and all organic 
solvents at room temperature but are in- 


soluble in water. 


Uses—Free naphthenic acids are used 
only in limited amounts, the major demand 
being for manufacture of the metal naphthen- 
ates, which are used extensively as paint 
driers, fungicides, and emulsifiable cutting 
oils. Approximately half of the available 
naphthenic acids are used in the production 
of metal naphthenates (Pb, Co, Mn, and Zn) 
which are used as paint driers. Other uses 
of the metal naphthenates, in order of im- 


A, 


TasLe 1.—Acute Oral Toxicity to Rats of Two Naphthenic Acid Fractions and Seven 
Commercial Metal Naphthenates 
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cobalt, 6.0% ; copper, 8.0% ; lead, 24.0% ; mercury, 
10.0% ; manganese, 6.0%, and zinc, 8.0%. In ad- 
dition, the standard solvent, essentially a Stoddard 
solvent type, in which the above naphthenates were 
incorporated, was also tested to determine if it con- 
tributed to the toxicity of the compounds. 

The L. D.so by the oral and intraperitoneal routes 
was determined in rats by use of screening-test pro- 
cedures similar to those of Smyth and Carpenter.* 
Sufficient animals were used in all tests so that the 
L. D.so dose could be computed by either the Weil ® 
or the Litchfield and Wilcoxon method. 

A 30-day oral lead naphthenate feeding experi- 
ment at a dietary level of 1% Pb was made in rats. 
The commercial lead naphthenate solvent mixture 
was diluted in peanut 


oil before administration. 


Daily doses of 0.25 ml. were given to 20 male rats. 


Substance 
Naphthenie acid fraction 
BX 


65%-9% 


Metal naphthenates 
Phenyl mercury naphthenate (10% Hg) 
Cobalt naphthenate (6% Co) 
Calcium naphthenate (4% Ca) 
Copper naphthenate (8% Cu) 
Lead naphthenate (24% Pb) 
Manganese naphthenate (6% Mn) 
Zine naphthenate (8% Zn) 


Solvent 


* Grams of substance administered per kilogram of body weight. 
+ Probable toxicity for man based on animal studies.* 


portance of consumption of naphthenic acids, 
are as lubricants and gear oil (Pb and Al), 
fungicides (Cu and Zn), and emulsifiers and 
demulsifiers (Na, K, and NH4) Production 
of copper naphthenate was greatly increased 
during World War II as a result of the use 
of large amounts by the military forces as 
a fungicidal protective for equipment in the 
Pacific zone. 
MATERIAL AND METHODS 

The toxicity studies were conducted on two 
grades of commercial naphthenic acids and seven 
commercial (heavy) metal naphthenates.* The two 
acids were (1) a 7%-93% fraction from crude 
kerosene acids, acid number 263, and (2) a 65%- 
90% fraction from mixed crude acids, acid num- 
ber 205. The metal naphthenates, with their respec- 
tive metal contents, were as follows: calcium, 4.0%; 


* Nuodex Products Co., Inc., Elizabeth F, N. J. 
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fraction from erude kerosene acids.......... 


fraction from mixed erude acids.............. 5.2 


L.D.s0, Range, 
Gm./Kg.* Gm./Kg. Toxicity Class ¢ 
on 3.0 2.4-3.8 Slightly toxie 


4.5-5.9 


Practically nontoxie 


0.39 0.36-0.43 Moderately toxic 

3.9 3.544 Slightly toxie 

@= = Practically nontoxic 
Practically nontoxie 
aa 5.1 3.7-7.0 Practically nontoxic 


Practically nontoxic 


nontoxic 


A total of 20 doses was administered over the 30-day 
period. To control the experiment, a group of five 
rats received 0.25 ml. of only peanut oil on the 
same schedule, and a group of five rats which re- 
ceived no treatment was also maintained. Food and 
water were available to the animals at all times; 
body weights were taken weekly. At the end of the 
30-day feeding, five experimental, two peanut-oil- 
fed, and two control rats were killed, autopsies were 
performed, and tissue sections were taken for histo- 
pathologic examination. The liver tissue was taken 
im toto and analyzed chemically for lead content. 
As an adjunct to this experiment, hair samples 
from all animals, consisting of clippings of the hair 
from the back of the rats, were analyzed for cystine 
content by the method of Neubeck and Smythe.? A 
portion of each of these hair samples also was 
analyzed spectrographically for lead content. 

The excretion of the commercial lead naphthenate 
following gavage administration was investigated 
by the following procedure. Five rats (ca. 200 gm.) 
were placed in glass metabolism cages constructed 
to enable separate collection of urine and feces. A 
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24-hour control collection of excreta was made, 
after which four of the animals received, by gavage, 
3.78 gm. of lead naphthenate per kilogram; excreta 
were collected on the first, second, and fourth days 
after administration of the naphthenate. Lead anal- 
yses of the excreta were made by the dithizone 
method. 
RESULTS 

Acute Oral Toxicity—The acute oral 
(gavage) toxicity for each of the compounds 
under study is shown in Table 1. All com- 
pounds which were found to have an oral 
toxicity greater than 6.0 gm. per kilogram 
in rats were not tested further to establish 
the precise L. D.59. In view of the possible 
types of exposure to these materials, it was 


TABLE 2.—Intraperitoneal Toxicity to Rats of Two 
Naphthenic Acid Fractions and Two 
Metal Naphthenates 


L.D.s0, Range, 
Substance Gm./Kg.* Gm./ Keg. 
Naphthenie acid fraction 
7%-93% fraction from erude 
kerosene acids.............. O64 0.57-0.72 
65° -90% fraction from mixed 
Metal naphthenates 
Lead naphthenate (24% Pb) 0.52 0.34-0.79 
Phenyl mercury naphthenate 


*Grams of substance administered per kilogram of body 
weight. 
felt that quantities greater than 6 gm. per 
kilogram would be unlikely. 

The pattern of death of the rats was simi- 
lar for all compounds. Symptomatically, the 
deaths appeared to result from gastrointes- 
tinal disturbances. Death was not sudden, 
and the mortality peak usually occurred on 
the third to the fourth day after administra- 
tion of the compounds. Phenyl mercury 
naphthenate was an exception, however, at 
the higher doses; some of the rats died 
within 12 hours after receiving this com- 
pound. Lower doses of this naphthenate 
produced death in the usual time period ob- 
served for the other salts. In all instances, 
anorexia, inanition, diarrhea and asthenia 
were exhibited by the animals. 


Acute Intraperitoneal Toxicity—The acute 
toxicity by the intraperitoneal route was 


tested on only the naphthenic acids and two 
metal naphthenates, lead naphthenate and the 
most toxic naphthenate by the oral route, 
the phenyl mercury derivative. The L. D.50 
found for each compound by the intra- 
peritoneal route is shown in Table 2. 

Death resulting from intraperitoneal ad- 
ministration was characterized by inanition 
and gastrointestinal disturbances. Peritoni- 
tis was observed in some instances, particu- 
larly following administration of the naph- 
thenic acids. 

Subchronic Oral Feeding—Lead Naph- 
thenate: The rats that received the 20 daily 
doses of 1% (as Pb) solution of lead naph- 
thenate over a four-week period showed no 
abnormal characteristics in either action or 
appearance. Weight gains of the treated 
animals were essentially those of the controls. 
No deaths occurred during or subsequent to 
the treatment period which could be attribu- 
ted to the lead naphthenate. Similarily, no 
changes were noted on gross examination 
of the organs from the animals killed at the 
termination of the 30-day experimental 
period. Histopathologic examinations of the 
tissues taken at autopsy * showed no consis- 
tent structural changes that would indicate 
that toxic effects had occurred. 

Pb Deposition —Lead analyses were made 
of the liver tissue from five rats fed lead 
naphthenate commercial preparation and two 
rats that had received only the peanut oil 
vehicle. No essential difference in lead 
content of the livers of the two groups was 
found. A slight trend toward higher lead 
values was indicated in some of the Pb- 
treated animals (average, 0.054 mg. per 
100 cc.) ; however, this increase was not con- 
sistent among the treated animals analyzed, 
nor was it of sufficient magnitude to allow 
conclusion of lead storage from this treat- 
ment (normal average, 0.04 mg. per 100 
ce. ). 

Analyses of the lead content of the hair 
from animals used in the 30-day feeding 


+ Examination of the tissue sections was made 
by Dr. H. Lansky, of the Clinical Section of this 
Headquarters. 
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experiment showed an approximately three- 
fold mean increase in lead content of the hair 
of the lead-naphthenate-treated group over 
that of the control groups. The mean lead 
content of the hair of the lead-treated group 
was 1.004y of Pb per gram of hair; that of 
the two control groups (untreated and pea- 
nut-oil-fed) was 0.296y and 0.295y of Pb 
per gram of hair, respectively. 

Cystine Content of Hair.—The feasibility 
of analyzing keratinous tissue for altered 
cystine content as a pretoxicosis test has 
been under investigation in this laboratory.t 
The possible application of this test to in- 
dustrial lead exposures was investigated as 
part of a study to determine if the oral feed- 
ing of lead naphthenate would alter the 
cystine content of rats’ hair. To do this, 
the cystine content of individual samples of 
hair clipped from the backs of the experi- 
mental (peanut-oil vehicle) and control rats 
was determined. No significant decrease in 
the cystine content of the hair from the ex- 
perimental lead-naphthenate-fed rats was 
noted. The average percentage of cystine 
for the lead-naphthenate-fed animals was 
11.93%; the peanut-oil-fed and_ control 
group had average cystine content of 12.2% 
and 12.43%, respectively. In view of the 
individual variations within each group, this 
difference in averages can not be considered 
significant (P, 0.10), indicating no detectable 
change in the cystine content of the hair in 
the time period of this experiment. 

Lead Excretion—A pilot study of the 
amount and route of lead excretion from 
rats following oral administration of lead 
naphthenate indicated that the major portion 
of the lead was excreted via the feces ; analy- 
ses of the lead content of the urine from 
these animals showed that lead absorption 
did occur, the peak excretion being obtained 
on the first day after administration of the 
lead naphthenate. The ratio of urinary to 
fecal lead excretion averaged approximately 
1: 100; approximately 40% of the lead ad- 
ministered was excreted within three days. 


t Reference 9 and Rockhold, W. T., and others: 
Unpublished data. 
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COMMENT 

The oral toxicity classification of the com- 
mercial naphthenic acids was found to vary 
from “slightly toxic” to “practically non- 
toxic.” According to the calculations of 
Hine and Jacobsen,‘ the lethal oral dose for 
man of compounds in this lowest toxicity 
class would be 1 qt. of the compound. The 
potency ratio and 19/20 confidence limits 
of the two acid fractions was 1.7 (1.14-2.57) ; 
i. e., the fraction derived from crude kero- 
sene acids was significantly more toxic to 
rats than the fraction derived from mixed 
crude acids; the latter was a 65%-90% 
fraction, with acid number 205, as compared 
with a 7%-93% fraction for the more toxic 
acid, with acid number 263. These results 
derived from oral testing may not appear 
to be consistent with the conclusions derived 
from skin testing by Vicklund,? who reported 
greatest toxicity associated with the higher 
boiling fractions of lower acid number. Closer 
scrutiny of his data reveals, however, that 
his higher boiling fractions were undistilled 
residues, with acid numbers ranging from 
82 to 124, whch are no longer considered 
true naphthenic acids (acid numbers ranging 
from 200 to 300). 

The oral toxicities of metal salts of the 
naphthenic acids revealed the surprising re- 
sult that only two of the salts, those of 
mercury and cobalt, could be considered 
sufficiently injurious to be classed outside 
the “practically nontoxic” group (Table 1). 
Four of the metal salts (those of Mn, Cu, 
Zn, Ca) possessed an L. D.59 greater than 
6.0 gm. per kilogram, and that of lead was 
only slightly below this value. Toxicities 
of this order are not what one would predict 
on the basis of the metal or its content in 
the naphthenic salt ; indeed, the metal naph- 
thenates were in some instances less toxic 
than the naphthenic acids. It should be kept 
in mind, however, that the naphthenates 
were diluted by a solvent vehicle, and it is 
possible that the toxic effects were thus 
reduced. The solvent used to prepare the 
naphthenates commercially was found to 
have a toxicity less than that of the naph- 
thenic acids. 


+ 


TOXICITY OF NAPHTHENIC ACIDS 


It should be noted in evaluating the toxi- 
city of the various metal naphthenates that 
each was used as the commercial product, 
with the corresponding metal content re- 
corded in Table 1. Calculation will show 
that the metal content of each was essentially 
the same on an atom-equivalent basis. The 
mercury salt was the one exception, having 
a threefold lower atom-equivalent metal 
content. On this basis the mercury naph- 
thenate is actually three times more toxic 
than indicated in Table 1 compared with 
the other metal naphthenates. 


The intraperitoneal toxicity of the naph- 
thenic acids was greater, as would be ex- 
pected, but showed the same relative degree 
of difference between the two fractions. The 
potency ratio was not calculable from the 
data, but examination of the calculated 
L. D.s509’s showed that the acid from the 
mixed crude oils was more toxic by approxi- 
mately the same factor. The two naph- 
thenates (lead and phenyl mercury) tested 
by this route were approximately 10 times 
more toxic to rats by the intraperitoneal 
than by the oral route. 


No deleterious effects to rats were noted 
in the subchronic oral feeding of lead naph- 
thenate. The 1% lead content of the naph- 
thenate used as a dose in this experiment 
was based on the percentage of lead currently 
permitted in commercial paint. As most 
of the lead content of interior paints is now 
derived from the added lead naphthenate 
driers, it was considered feasible to investi- 
gate the subchronic toxic effects of this salt. 
During the 30 days of this study, appreciable 
lead deposition in the hair of the rats oc- 
curred, but there were no gross or micro- 
scopic tissue abnormalties. The possible 
extraneous contamination of the hair of these 
animals was not completely avoided in these 
studies ; however, the individual consistency 
and magnitude of the results indicate that 
the lead was probably deposited via metabol- 
ic pathways. The lack of significant liver 


§ New York City Board of Health Regulation 
regarding maximal content of lead in paint for chil- 
dren’s furniture. 


lead values is indicative of no massive tissue 
storage of lead at this dose level for the 
30-day period studied. 

In connection with the cystine content of 
fingernails currently under investigation as 
a pretoxicosis test for vanadium exposure 
and similar studies conducted in lead work- 
ers, the analysis of the cystine content of the 
hair of the lead-naphthenate-fed rats was de- 
termined. At the end of 30 days, lead naph- 
thenate at a dosage of 1% Pb did not signifi- 
cantly alter cystine metabolism ; no significant 
decrease in the cystine of the hair was de- 
tected. Further studies of these animals 
are under way to detect whether the cystine 
content will be altered at a later date, as hair 
regrowth occurs. If the cystine content of 
hair is altered as the hair is formed, then 
the use of this test is dependent upon a 
latent factor related to the rate of hair growth 
in the animal. 

In view of the findings in these studies if 
animal data are accepted as indicative of the 
relative toxicity in man, the naphthenic acids 
can be presumed to be relatively safe chemi- 
cals, if ordinary precautions are used. The 
reported,? but not herein investigated, skin 
toxicity should be noted and should serve 
as warning to avoid repeated, long-term skin 
contact. 

SUMMARY 


Screening acute oral toxicity studies in 
rats have demonstrated the napthenic acids 
to be slightly toxic. The acid derived from 
crude kerosene acids was found to be ap- 
proximately one and one-half times more toxic 
to rats via the oral route than the acid de- 
rived from crude mixed acids. This potency 
ratio was of the same order for these com- 
pounds when administered intraperitoneally 
to rats. 

The oral toxicity of the metal salts of 
naphthenic acids varies according to the 
concentration and identity of the metal com- 
ponent. Only the phenyl mercury salt 
showed toxicity remarkably increased above 
that of the commercial acids. By the intra- 
peritoneal route, the toxicity of the salts 
to rats was increased approximately tenfold. 


481 


No toxic symptoms occurred in rats fed 
1% (as lead) lead naphthenate in 20 dai‘y 
doses over a 30-day period. A threefold 


to fivefold increase was found in deposition 
of lead in the hair of the experimental ani- 
mals. Cystine determinations of the hair, as 
a pretoxicosis test, indicated no detectable 
alteration of cystine metabolism during the 
30-day study. 


No lead storage was noted 
in liver tissue, and no histopathologic changes 
were seen in the vital organs. 

Assistance and advice in these studies were 
rendered by Dr. H. E. Stokinger, Mr. R. G. Kee- 


nan, Mr. J. T. Mountain, Mr. B. E. Saltzman, and 
Mr. P. G. Wright. 
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Toxicologic on 
riethyltrithiophosphites 


WILLIAM T. ROCKHOLD, Ph.D. 
HOWARD A. WRIGHT, B.S. 

PAUL G. WRIGHT 

and 

HERBERT E. STOKINGER, Ph.D., Cincinnati 


Trimethyltrithiophosphite ( [CH ,S]sP) 
and triethyltrithiophosphite ( [C2H;S],P) are 
relatively new chemical substances, whose 
toxicologic properties are reported here for 
the first time. Toxicologic data are recorded 
for all routes by which these substances 


might gain access to the body through 
either skin, eye, mouth, lung, or blood 


stream. A tentatively safe level of exposure 
has been from a one-month 
study of the effects in animals inhaling the 
more toxic thiophosphite derivative (methyl). 
The possible modes of action of the com- 


determined 


pounds in the body were also explored. 
Because of the peculiarly persistent action 
of these substances in the body, considerable 
effort was expended on a search for prophy- 
lactic or antidotal measures. 


PHYSICAL AND CHEMICAL PROPERTIES 

The physical and chemical properties of 
interest to the toxicologic studies are the 
following: The alkyltrithiophosphites are 
mobile liquids with mercaptan-like odor. 
The specific gravity of the methyl derivative 
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is 1.11 at 24 C; that of the ethyl derivative 
is 1.21 at 24 C. The pH of an aqueous sus- 
pension of the methyl derivative is 3.0 
directly after addition to water: after 1 
hour, pH is 2.85; after 2 hours, it is 2.70, 
after which time it decreases gradually to 
a pH of 2.5 at 18 hours. The trimethyl 
derivative has a boiling point of 147-151 C 
at 1 to 2 mm. Hg; the triethyl derivative has 
a boiling point of 190-194 C at 1 to 2 mm. 
Hg. The vapor pressure of either derivative 
is of the order of 0.1 mm. Hg at room 
temperatures. 


The thiophosphite samples used for the 
study contained small amounts of impuri- 
ties, chiefly phosphorus and sulfur, either 
free or upon the 
method of preparation. Elemental analysis 
of triethyltrithiophosphite showed the follow- 
ing results: 


combined, depending 


Found, Theoretical, 
Element Per Cent Per Cent 
Phosphioras. 13.9 14.5 
46.5 44.8 


In a search for suitable vehicles for ad- 
ministering the phosphites to animals, both 
derivatives were found to be insoluble in 
propylene glycol but completely miscible in 
peanut or olive oil. 

Oxidation Product of Thiophosphites.— 
One of the most outstanding properties of 
the thiophosphites is their ready oxidation 
upon exposure to air or oxidizing agents. 
Accordingly, for inhalation exposures the 
oxidation product could conceivably be a 
dominant factor in the response. Because 
of this, the oxidized product of the trimethyl 


derivative was prepared and analyzed 
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preparatory to its toxicologic testing in 
animals. 


The oxidized product was prepared by bubbling 
dry, tank oxygen through a weighed amount of 
trimethyltrithiophosphite contained in a_ gas- 
analyzer bottle. The heat of reaction was controlled 
by maintaining the reaction bottle in a water bath 
at 5 C. The reaction was considered complete when 
continued oxygenation did not cause further in- 
crease in the weight of the product. The increase 
in weight from the oxygen uptake indicated an 
average of 88% of the theoretical amount of trithio- 
phosphate had been formed in two trials. Elemental 
analysis of one of these samples * showed the fol- 
lowing results: 


Found, Theoretical, 

Element Per Cent Per Cent 
5.09 4.818 

98.61 100.000 


Infrared analysis + was found to be a convenient 
way to determine the amount of oxidized thiophos- 
phite on liquid samples; the method was not suf- 
ficiently sensitive, however, to determine the relative 
proportions of each constituent in samples of expo- 
sure atmosphere. 


ACUTE TOXICITY STUDIES 


Intraperitoneal Toxicity—Rats: Groups 
of at least 10 male albino rats, each weigh- 
ing on the average 200+20 gm., were 
given intraperitoneal injections of trimethyl- 
trithiophosphite to obtain data for the calcu- 
lation of the L. D.s9. Because of the small 
dosage required for injection, the derivative 
was administered as a 5% solution in olive 
oil. The dosage mortality data showed an 
L. D.s9 of 44 mg/kg. with its 19/20 confi- 
dence limits of 38.6-50.2 mg/kg. The calcu- 
lated L. D.s59 for the ethyl derivative was 
275 (205.2-368.5) mg/kg. when admin- 
istered similarly as a 5% solution in olive 
oil; when administered undiluted to the 
animals, the L. D.s59 was 168 (131.2-215.0) 


* Performed through the courtesy of Dr. D. R. 
Carmody, Research Department, Standard Oil Com- 
pany of Indiana, Whiting. 

+ Performed by Mr. Robert G. Keenan, Head of 
Physical Analytic Unit. 
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mg/kg., indicating an increase of toxicity 
by a factor of 1.6 when undiluted compared 
with that when administered in an oil 
vehicle. 

Oral Toxicity.—Rats: Five groups of ten 
rats each were administered the methyl- 
thiophosphite derivative by gavage without 
dilution in olive oil. Mortality resulting from 
this administration appeared to indicate a 
double peak, one essentially complete in 2 
days after administration, the other com- 
plete by the 14th day, after which time no 
additional animals died, although observa- 
tion was continued for 30 days. The early 
deaths appeared to result from a type of 
irreversible shock, whereas the late deaths 
were due to pulmonary impairment in the 
form of marked congestion with edema and 
hemorrhage. The 48-hour L. D.50 for the 
trimethyl derivative for adult male rats was 
calculated to be 190 (132.9-271.7) mg/kg. ; 
the 14-day acute oral L. D.59 was 105 (72.4- 
152.0) mg/kg. 

The 14-day acute oral L. D.50 for rats for 
the triethyl derivative was calculated to be 
355 (244-514) mg/kg. Unlike the result 
with the methyl compound, no second peak 
was observed with this derivative. 

Trimethyltrithiophosphite Oxidation Prod- 
uct—Three groups of 10 rats each were 
administered by gavage the oxidation prod- 
uct of the methyl derivative bearing the 
analysis above in order to determine the 
toxicity relative to that of the parent 
thiophosphite. Plots of the mortality data 
yielded an acute L. D.59 of 225 (150-337.5) 
mg/kg., indicating a toxicity 0.47 that of 
the parent thiophosphite. Unlike the result 
with the parent compound, no second peak 
in the mortality curve was observed. 

Cutaneous Toxicity—Methyl Derivative. 
—Rats, Rabbits, Guinea Pigs: A cutane- 
ous L. D.59 for rats receiving the trimethyl- 
trithiophosphite was calculated from plots 
of mortality data obtained by direct applica- 
tion of the material to a shaved area of 
the animals’ backs. Approximate cutaneous 
toxicity data were also obtained in rabbits 
and in guinea pigs. 


TOXICITY 


OF TRITHIOPHOSPHITE 


Use of the rat as a test animal in cutane- 
ous toxicity is not common but was felt 
justified in this instance because of the highly 
irritating and skin-penetrating characteris- 
tics of these phosphites. In this method a 
small area of approximately 1 sq. in. of the 
upper midback of rats was clipped as close 
to the skin as possible. Animals were then 
placed in an individual rack, and measured 
amounts of the methylthiophosphite were 
placed on the clipped area. Care was taken 
to use dosages that were retained in the 
exposed skin area only, because preliminary 
studies had shown that placing the compound 
on an unclipped area resulted in lessened 
mortality. The doses and number of animals 
used per dose are given in Table 1, along 
with resultant mortality data. The L. D.50 
for cutaneous application in rats was calcu- 
lated from these data to be 1.03 gm/kg.; 
19/20 confidence limits were 0.588-1.80 
gm/kg. Tests for cutaneous toxicity in 
rabbits and guinea pigs were performed by 
delivering dropwise a known amount of the 
methyl derivative 
clipped areas of 
applications were 


at half-hour intervals to 
the skin. Such periodic 
continued six hours per 
day for from one to three days, depending 
upon survival of the animals. The total 
dosage resulting in mortality was calculated 
from the amount of compound delivered 
to the animal up to the time of death. This 
method provided only approximate informa- 
tion for calculation of the L. D.50, as possible 
deaths resulting from any single application 
or part of a delivered dose could not be 
determined by this procedure. Table 2 pre- 
sents a summary of the cutaneous toxicity 
observed in the three species. It may be 
noted that the calculated L. D.59 for rats 


TaBLe 1.—Dosage-Mortality Data of Rats Receiv- 
ing a Single Cutaneous Application 
of Trimethyltrithiophosphite 


Mortality 
Days After Treatment 
Dose, Animals, — — ——, Per Cent 
Mg./Kg. No. 1 2 3 4 5 66 7 Mortality 
278 15 1 0 1 0 0 0 0 13 
555 15 4 0 0 0 0 0 0 27 
1,110 10 4 1 0 0 0 0 0 50 


DERIVATIVES 


2.—Summary Data of Cutaneous Toxicity 
of Trimethyltrithiophosphite 


Indi- 
vidual 
Total Total Days of 
Treated, Dose, Treat- Dayof L.D.se, 
Species No. Gm. ment Death* Meg./Kg. 
Rabbit 2 5.8 2 3 
60 3 5 1,000+ 
Guinea pig 2 5,000+ 
Rat 5d 1,030 


* Day that death occurred after treatment was started. 
+ Estimated. 


compares rather closely with that for rabbits, 
although it is to be remembered that the 
value quoted for the latter species is con- 
sidered only an estimate, the true L. D.50 
probably being smaller. 

Ocular Toxicity Methyl- Ethyl- 
thiophosphites—Rabbits: The marked tox- 
icity via the intraperitoneal and cutaneous 
routes indicated the desirability of determin- 
ing not only the local effects of the thio- 
phosphites on the eye but also the possible 
systemic effects by this route as well. The 
method of Draize and Kelly,’ using rabbits 
as test animals, was employed to determine 
eye irritation. The methylthiophosphite 
placed in the conjunctival sac, at doses of 
0.1 ml., produced death by 72 hours in two 
of three rabbits. No deaths occurred, how- 
ever, in any group when the agent was 
washed from the eye with 20 ml. of distilled 
water at either two or four seconds after 
application. On the other hand, corneal 
injury in the form of opacity with mucopuru- 
lent discharge occurred to a greater degree 
in many of the animals eyes had 
been flushed with water. Marked but not 
permanent epilation about the eyes occurred 
in all animals. All evidences of corneal in- 
jury had disappeared, however, at 
month following treatment. 


whose 


one 


A solution of 1% silver nitrate, which 
complexes with thiophosphite, was tested 
as a more effective eyewash two seconds 
after application of the thiophosphite. No 
improvement was observed from the use of 
this compound over that with water ; indeed, 
corneal injury, swelling, and discharge were 
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more marked than when silver nitrate was 
not used. 


Similar use of the ethyl derivative failed 
to produce death in any of the animals at 
the same dosage level as that used for the 
methyl compound. Similar corneal damage 
occurred, however, but to a lower degree 
than was produced by the methyl derivative. 

Intravenous Toxicity—Methyl- and Ethyl- 
thiophosphites. — Rabbits: Range - finding 
tests of the intravenous toxicity of these 
derivatives were made on four groups of 
two rabbits each. The methyl derivative was 
injected in the marginal ear vein in doses 
of 18, 37, 90, and 183 mg/kg., respectively. 
The highest dose produced almost instan- 
taneous death; the 90 mg/kg. dose killed 
one rabbit in 10 minutes, the other died in 
2 hours; the doses of 37 and 18 mg/kg. 
killed one of the animals in each groups 
within 24 hours. From these data it was 
determined that the approximate range of 
the intravenous L. D.59 dose is from 24 to 
40 mg/kg. in rabbits. 

Similar screening studies of the intra- 
venous toxicity of the ethyl derivative indi- 
cated that it has an equal or possibly slightly 
lower toxicity than the methyl derivative. 
A dose of 48 mg/kg. killed one rabbit in 
three and one-half hours, while one-half of 
this dose did not prove fatal to the other 
rabbit. Thus, the approximate intravenous 
L. D.59 dose of triethyltrithiophosphite for 
rabbits is 50 mg/kg. 


INHALATION TOXICITY 


Generation of Trimethyltrithiophosphite Vapor 
The characteristics of the methylthiophosphite of 
ready oxidizability and low vapor pressure required 
an especially designed apparatus for dispersal of 
the compound into the exposure chamber. The 
apparatus consisted of a long-necked, round-bottom 
flask which served as a reservoir of the compound. 
The neck of the flask was filled with glass beads 
which were kept moistened by circulating the com- 
pound over the bead surface by means of a gas-lift 
pump. To prevent oxidation of the compound within 


§ Mr. David A. Fraser greatly aided in the 
design of the dispersing apparatus and analysis of 
the chamber atmosphere. 
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the generating device, nitrogen gas was bubbled 
through the solution from a side-arm leading from 
the outside to the bottom of the flask. Nitrogen gas 
was also used for operating the circulating pump. 
The entire apparatus was contained in a water bath 
which was heated by an electric hot plate and regu- 
lated by a Variac condenser. The nitrogen was 
preheated by passing it through a copper coil in the 
water bath before it entered the flask. The amount 
of vapor delivered by this apparatus was regulated 
by changing the temperature of the water bath, rate 
of nitrogen flow, and dilution of the air flow in 
the exposure chamber. A theoretical concentration 
of 25 to 39 mg/m.* was calculated to be produced 
in the chamber atmosphere at an operating tempera- 
ture of 70 C, with a nitrogen flow rate of 5 liters 
per minute in an air dilution of 1000. 

The vapor was dispersed into the chamber after 
thorough mixing with incoming air. The vapor-air 
mixture passed by gravity to the bottom of the 
chamber past the animals, whence it was led off 
through ducts uniformly distributed throughout the 
bottom of the chamber. From this point it was 
conducted to a countercurrent scrubbing tower and 
thence to the outside air through an electrostatic 
precipitator. Pressure within the chamber was main- 
tained at all times slightly below that 


of the 


atmosphere. 


Methods of Sampling and Analysis of 


Exposure Atmosphere——Since no analytic 
methods had been previously developed, four 
methods of determining the concentration of 
the methylthiophosphite in the chamber at- 
mosphere were tested for suitability under 
the conditions of operation. These methods 
included (1) silver nitrate precipitation ; 
(2) freeze-out train; (3) gravimetric and 
infrared analysis of samples collected by 
charcoal adsorption, and (4) carbon tetra- 
chloride absorption by impingement. Of 
the four methods tested, the silver nitrate 
precipitation method was believed to give 
the most reliable and consistent results and 
at the same time provided a relatively simple 
method of analysis. 


The silver nitrate precipitation method consisted 
of a gravimetric analysis of the precipitate formed 
when trimethyltrithiophosphite vapor was passed 
through a 10% solution of silver nitrate. The pre- 
cipitate, which has been described? as an addition 
compound, was not further characterized. A direct 
proportionality was found to exist between the 
weight of the thiophosphite and the precipitate 
formed in a range from 10 to 200 mg. 


TOXICITY OF TRITHIOPHOSPHITE 

To standardize this method, weighed amounts of 
trimethyltrithiophosphite were volatilized, and the 
resulting vapor was passed through a 10% AgNOs 
solution contained in a midget impinger. The pre- 
cipitate formed was filtered and weighed to establish 
the relationship between the weight of the original 
material and the weight of the resulting precipitate. 
The sampling procedure applied to the chamber 
atmospheres consisted of passing a known volume of 
chamber air (from 0.5 to 1 cu. m.) through 10% 
AgNOs in a midget impinger, and the precipitate 
that formed was filtered and weighed. Estimation 
of the amount of the agent in the atmosphere was 
determined by comparison with the standard curve. 


Infrared spectrograms of vapor samples 
o tained the chamber 
showed qualitative changes indicative of the 
oxidized form when compared with those 


irom atmosphere 


of a known specimen of the trimethyl- 
trithiophosphite. Unfortunately, the changes 
were slight and impossible to interpret 
quantitatively because of the low concentra- 
tion in the exposure atmosphere. Analysis 
of the AgNOs precipitate of the thiophos- 
phite dispersed in the chamber did not pro- 
vide firm data on which to base a decision 
as to the degree of oxidation of the toxic 
agent, as had been hoped. 

Animal Species and Procedures.—A total of 3 
dogs, 8 rabbits, and 29 rats were exposed to the 
vaporized methylthiophosphite. All animals 
males; the dogs were mongrels weighing from 6 to 
12 kg. each; the rats were albinos of a derived 
Wistar strain averaging at the start of exposure 
250 gm. each. 


were 


Two rabbits and sixteen rats were 
used as control animals for the experiment; no 
control dogs were used. 

Exposures were performed in 57 cu.m. dynamic 
chambers, both for experimental and control animals, 
for six hours daily, five days each week, for a total 
of one month. Certain animals of all species were 
observed for an additional two-week period after 
the four-week exposure had been terminated. 

Hematologic studies consisting of red and white 
cell counts and hemoglobin and hematocrit deter- 
minations were made on dogs and rats prior to 
exposure and biweekly thereafter to the termination 
of the exposure study at six weeks. In addition, 
blood urea nitrogen (BUN) determinations were 
made at the end of the fourth exposure week on the 
surviving dogs and rabbits as well as at the end of 
the two-week postexposure period in order to detect 
possible renal and/or hepatic involvement. 

Representative numbers of rabbits and rats were 
killed for histopathologic study at the end of the 
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first, third, fourth, and sixth weeks; dogs were 
killed at the end of the first, fourth, and sixth weeks. 
Tissues included for study were lung, kidney, and 
liver. 

Exposure Concentration. — The average 
exposure concentration of the presumably 
oxidized trimethyltrithiophosphite vapor was 
2.5 mg/m.*, a range of from 1.0 to 4.2 
mg/m.*, as determined by the gravimetric 
silver nitrate precipitation method. The dif- 
ference between the actual exposure concen- 
tration and that predicted from conditions 
of operation prior to exposure of the animals 
was presumed to be due to less effectively 
operating temperature-recording devices plus 
possible adsorption of the vapor on animal 
cages, etc. The exposure concentration was 
mildly irritating to the chamber operator, 
and the odor was clearly detectable. 

Animal Data.—Body weights of the three 
exposed species, as well as those of the 
controls, were measured weekly throughout 
the exposure period and for two weeks 
thereafter. Examination of these body-weight 
records revealed no appreciable difference 
between the percentage weight gain of the 
exposed animals and that of the controls. 

Examination of the mortality data showed 
that no deaths attributable to the exposure 
occurred. Three of twenty exposed rats died 
during the exposure, but both gross and 
microscopic pathology showed that death 
resulted from pulmonary infection of the 
type known as enzootic pulmonary infection 
of rats. 

A limited amount of hematologic work 
showed no statistically significant changes 
in the cellular components of the blood. 
Similarly, chemical determinations of blood 
urea nitrogen made at the fourth and sixth 
weeks on rabbits and dogs showed no dii- 
ferences between the exposed and control 
animal groups. 


Histopathologic examination || of the lung, 
liver, and kidney of all the animals that 
were killed or died of infection showed no 
changes that could be attributed to exposure, 
with one exception. In this case, cloudy 


|| Performed by Dr. Herbert Lansky. 
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swelling and destruction of the epithelium 
of the convoluted tubules of the kidney were 
observed in one rat that had died of acute 
hemorrhagic pneumonia on the ninth day. 
The exact pathogenesis of this change was 
not clear. 


PHARMACOLOGIC ACTION 


The profound physiologic effects at small 
dosage levels by all routes except inhalation 
and the lack of information relative to the 
response from this new type of the trithio- 
phosphites prompted pharmacologic study 
to find possible modes of action of these 
substances, which in turn might be used to 
develop effective prophylactic or antidotal 
agents. 


Blood Pressure and Respiratory Effects—The 
response of the vascular and respiratory systems to 
intravenous injection of the alkyl derivatives of 
trithiophosphite was studied in anesthetized dogs. 
The standard procedures of cannulization of the 
carotid artery to record blood pressure and of 
pneumographs to measure respiratory changes were 
used. The dogs were anesthetized with pentobar- 
bital (Nembutal) at a dosage of 35 mg/kg.; the 
thiophosphites and other agents were injected via 
either the jugular or the femoral vein. Each thio- 
phosphite compound was tested for its pharmaco- 
logic action in two dogs; the trithiophosphate was 
studied in one dog only. The compounds were given 
undiluted at a dosage of 1 ml. (ca. 90 mg/kg.). 


The pattern of response was similar for 
all three compounds. Immediately after in- 
jection of the test compound a precipitous 
fall in blood pressure occurred. With the 
methyl derivative, the decrease in blood 
pressure approximated 100 mm. Hg; slightly 
less decrease occurred with the other com- 
pounds. This response was followed by a 
slight compensatory rise and a subsequent 
leveling off of the blood pressure during the 
remainder of the test period to levels of from 
40% to 50% of the pretreatment level. Pulse 
rates increased and remained rapid, with a 
seeming reduction in force. Coincident with 
the fall in blood pressure, abrupt changes in 
respiratory movements occurred. These 
varied from apnea to a dyspneic type of 
respiration. In one instance (the oxidized 
methyl! derivative), in which the animal was 
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also highly sedated, artificial respiration was 
required throughout the experiment. With 
this one exception, voluntary regular respira- 
tion returned in all animals, with but a slight 
reduction in force and rate. 


Serum Esterase Levels—The character of 
the response of the circulatory system sug- 
gested a_ possible cholinesterase-inhibitor 
type of action for the thiophosphorous com- 
pounds. Accordingly, the serum esterase 
levels were determined in two groups of 
10 rats each following the administration 
of the methyl and ethyl derivatives by 
gavage at sublethal doses. The method of 
Rider and associates * was used to determine 
the serum esterase levels... Typical results 
for the triethyl compound are shown in 


TABLE 3.—Serum Esterase Levels of Rats Follow- 
ing Gavage Administration of 
Triethyltrithiophosphite 


8. E. 

Level* 
at Before 
Treatment 


S. E. Level* After Treatment 
— = 


24 Hr. 48 Hr. 
162 t 


R 


72 Hr. 96 Hr. 


Sema Aue 


* Values are relative—colorimeter scale readings for iden- 
tical volumes of serum. 

+ Death of animal. 


+—, no blood sample could be obtained. 

Table 3. The values demonstrate a marked 
decrease in serum esterase levels in com- 
parison with those obtained prior to treat- 
ment with the compound. Recovery of the 
enzyme activity began by 48 hours but had 
not returned to normal at the end of 96 
hours, the period of observation of the ex- 
periment. Circulatory depression caused by 
the agents was often so great that it was 
not possible to obtain sufficient blood samples 
(0.1 ml.) by the technique used for the 
determination. 


{ Performed by Mr. John T. Mountain, Staff 
Biochemist. 
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Antidote Studies.#—In an attempt to find 
substances capable of reducing the physi- 
ologic response to the alkyl thiophosphorous 
compounds in acute exposures, various 
agents were screened for their antidotal 
properties. Substances acting both pharma- 
cologically and chemically were selected—the 
pharmacologic substances according to their 
capacity to affect the central and autonomic 
nervous systems and the chemically acting 
substances for their potentialities as oxidiz- 
ing agents or as complexing agents for 
possible in vivo inactivation of the thiophos- 
phites. Table 4 lists the number and type of 
agents screened, the route of administration, 
and the total dosage administered. For each 
test the trimethyl derivative was adminis- 
tered by gavage to male albino rats averag- 
ing 200 gm. in weight at a dose calculated 
to approximate the L. D.go. The antidote 
was administered by the route shown in 
Table 4 from 5 to 15 minutes later, some- 
times in a single and often in repeated doses. 
The antidotal effectiveness was determined 
from comparison of the mortality data of 
the treated and control animals. Autopsies 
were performed and representative tissues 
taken of the treated animals to determine 
possible changes in the course of toxicity 
effected by the antidote. 

Among the pharmacologically active sub- 
stances, ephedrine and phenylephrine ( Neo- 
synephrine) hydrochloride gave indication 
on preliminary trials of significant antidotal 
effectiveness. Repeated tests of these two 
substances, however, failed to yield re- 
producible results, for reasons that could 
not be discovered. Among the chemically 
acting agents, only sodium chlorate intra- 
peritoneally indicated effectiveness in certain 
trials. Again, however, repeated tests failed 
to bear out the preliminary findings. Oddly, 
no complexing capacity of the high-molecular 
weight basic colloidal dyes that were tried, 
particularly Bismarck brown and phosphine, 
was demonstrated in either in vitro or in vivo 
tests. In all cases, observation of the animals 


# Considerable help and advice in the perform- 
ance of these studies were given by Dr. Tracy Levy. 
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TaBLeE 4.—Pharmaceutical and Chemical Agents 
Screened for Antidotal Properties on Oral 
Administration of Trimethyl- 
trithiophosphite 


Route of 
Adminis- 
tration 


Dose, 
Antidote Mg./Kg. 
Pharmacologie 
CNS stimulants 
Picrotoxin 
Pentylenetetrazole 
Bromo-Sulfolane* 
Sympathomimeties 
Arterenol 
Epinephrine in oil 
Ephedrine 
Amphetamine (Benzedrine) 
sulfate 
Phenylephrine (Neo-Syne- 
phrine) hydrochloride 
Sympatholytie and/or adrenolytic 
Tolazoline (Priseoline) 
hydrochloride 


Hydralazine (Apresoline) 
hydrochloride 
Hexamethonium ion 
Parasympatholytie 
Atropine 
Scopolamine n-butyl 
bromide 
Methantheline (Banthine) 
bromide 
Antihistaminies 


Diphenhydramine (Benadryl) 
hydrochloride 
Chlorpheniramine (Chlor- 
Trimeton) maleate 
Curare-like: Decamethonium 
bromide (Syneurine) 
Adrenocortical extract 
Hypotensive drugs: Alkavervir 
(Veriloid) 
‘hemical 
Oxidative agents 
Copper sulfate 20% 20.0 
Sodium chlorate 5% 1.0 gm./kg. 
5.0 gm./kg. 
Precipitating agents 
Silver nitrate 1% 0.25 ml. 
0.50 ml. 
Complexing agents 
Phosphine 1% 
Bismarek brown 1% 
Fluorescein 1% 


1.00 ml. 
1.00 ml. 
1.00 ml. 


Ip—Intraperitoneal; Se—subeutaneous; 
vage; Im—intramusceular. 


* Furnished by Dr. L. C. Weaver, Pitman-Moore Co., 
Indianapolis. 


G—oral by ga- 


during the antidotal studies revealed a form 
of irreversible shock complicated by a rapid 
pulmonary impairment due to acute con- 
gestion. 

Assay of Antidotal Actions—Dogs: In 
each of the dogs injected with the methyl 
and ethyl derivatives, the responsiveness of 
the peripheral vascular bed was tested by 
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injections of sympathomimetic drugs, arte- 
renol, ephedrine, and phenylephrine hydro- 
chloride. Each drug caused a rise in blood 
pressure from levels depressed’ to from 50 
to 100 mm. mercury by the toxic agents 
to levels well above the normal blood pres- 
sure. Return the depressed _ levels, 
characteristic of the thiophosphites, occurred 
at varying times for each drug, the shortest 
time of action being 2 minutes for arterenol, 
the longest, 60 minutes for ephedrine. None 
of these drugs under any mode of admin- 
istration tested were capable of maintaining 
elevated pressures for sufficient intervals for 
significant amounts of phosphites to be de- 
toxified. Tissues taken at autopsy of these 
animals showed over-all visceral congestion, 


to 


with marked engorgement and edema of 
the lungs similar to that noted in rat lungs 
following acute doses of these compounds. 
Cloudy swelling with focal degeneration and 
destruction of convoluted tubular epithe- 
lium was noted in the kidneys. 


COM MENT 


The results of all the acute toxicity studies 
demonstrated that the trialkyltrithiophos- 
phites possessed a high order of toxicity 
and lethality. Table 5 shows the relative 
toxicity of the trimethyl- and _ triethyl- 
trithiophosphites with various routes of ad- 
ministration in rats and rabbits, as well as 
the toxicity of the oxidized trimethyl deriva- 
tive given by a single route in the rat. The 
toxicities are expressed as the calculated 
or estimated L. D.59. Table 5 shows that 


TABLE 5.—Comparison of the Acute Toxicity 
of Organothiophosphites 


Rat 
Rabbit -— 
Intra- Intra- 

Trithio- venous peritoneal Oral Cutaneous 
phosphite L.D.s0, L.D.s0, L.D.s0, L.D.s0, 
Derivative Mg./Kg. Mg./Kg. Meg./Kg. Mg./Kg. 
Trimethy] 24-40* 44t 105 1030 

190t 
Triethyl 50* 168 355 
275+ 
Trimethyl 
oxidation 


* Estimated from screening-test data. 
+ Administered as 5% solution in olive oil. 
Forty-eight-hour L.D.so. 
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the methyl derivative was the most toxic 
of the three thiophosphite derivatives. The 
trimethyl oxidation product was 47% as 
toxic as the parent substance orally and was 
approximately 1.6 times more toxic than 
the ethyl derivative by the same route. Ac- 
cordingly, oxidation of the trimethyl phos- 
phite yields a less toxic derivative, and an 
increase of one carbon atom in the alkyl 
chain from methyl to ethyl appears to de- 
crease the oral toxicity to a still greater 
degree. 
It is important to note that the toxicity 
the ethyl compound was markedly de- 
creased by its administration in olive oil. 
Solution in 5% olive oil reduced the mor- 
tality of rats to six-tenths that of the pure 
undiluted compound. The oil apparently 
modified to a significant degree the rate of 
absorption and consequent rate of metab- 
olism and detoxication of the phosphite. 
The double peak in the mortality curve, 
noted in the acute toxicity studies of the 
methyl derivative only, was interesting in 
that it suggested two types of response to 
this toxic agent: (1) an acute circulatory 
depression which if sufficiently severe caused 
death or (2) an acute circulatory depression 
which, if insufficient to cause immediate 
death, could subsequently result in death 
through development of marked pulmonary 
congestion with edema and hemorrhage. 
Although it is difficult to explain why the 
double mortality peak is confined to the 
methyl derivative, one possible interpretation 
is that the ethyl derivative and oxidized 
form were less acutely depressing to the 
circulatory system and accordingly caused 
less pronounced time demarcation of the 
two effects. 


of 


The marked irritative effects on the eye 
and the highly toxic systemic effects that 
occurred from direct application of both 
derivatives to the rabbit’s eye further empha- 
size the high toxicity of these compounds 
and the need for effective protective meas- 
ures for preventing these compounds from 
coming in contact with either the eye or the 
skin. It is assuring to have demonstrated 
that deaths need not result if immediate 


L | 
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removal of the toxic agent from the eye 
is effected by washing with copious amounts 
of water. Should marked eye irritation result 
from direct contacts with these compounds, 
permanent eye injury seems remote, if evi- 
dence obtained from the rabbit is accepted ; 
despite marked corneal irritation that oc- 
curred in the rabbit from the methyl deriva- 
tive, no permanent damage to the eye 
resulted in any animal. 

The highly toxic effects of the thiophos- 
phites by the cutaneous route have also 
been well demonstrated by these studies. 
The possibility does not seem remote that 
death could occur to a person from spillage 
of relatively small amounts (a few cubic 
centimeters) of derivatives . These 
studies indicate the need for adequate pro- 


these 


tective clothing, such as gauntlet gloves, 
boots, and aprons of suitably resistant ma- 
terial (Kel-F, Teflon, or polyethylene plas- 
tics) when one is working with these sub- 
stances. 

From the pharmacologic observations and 
postmortem examinations, it was concluded 
that the compounds produced a shock re- 
action followed by pulmonary impairment 
originating in the vascular system. The re- 
action to sympathomimetic drugs following 
thiophosphite administration indicated an 
initial the peripheral 
vasomotor Therefore, it 
either the central nervous 
system was involved or a shock state had 
developed that had not reached a state of 
irreversibility. Antidotes 
offered 


responsiveness of 
mechanism. 
concluded that 


was 


with central ac- 


tion, however, no protection to 
rats, indicating vascular collapse possibly of 
either renal or hepatic origin. Measurement 
of serum esterase levels in rats following 
treatment with the thiophosphites  cor- 
roborated the observation of the depressive 
effects of these compounds. The observation 
of a characteristic thiophosphite or mercap- 
tan-like odor detectable in the expired air 
and urine of animals following its intra- 
venous coupled with the 
histopathologic findings indicated the in- 
volvement of the pulmonary and _ renal 
systems as routes of excretion of the phos- 


administration 
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phites and their metabolic products. Because 
of the lack of a properly sensitive analytic 
method of detecting the presence of these 
excretion products, it was not possible to 
measure the amount of administered dose 
excreted by these routes. 

Although the drugs tested for their anti- 
dotal effectiveness against the methyl deriva- 
tive had a wide range of activity in general, 
most of the drugs tested were either in- 
effective in this with 
gave no consistently reproducible 
results. Our present interpretation of this 


respect or those 


promise 


failure is the inability to find an agent 
capable of complexing more firmly with the 
phosphites or their metabolic products than 
does some constituent of the body. These 
findings should provide guides, however, in 
the treatment of human exposure. The 
rationale for therapy arising out of this 
work would consist of maintaining the blood 
pressure at near normal levels with appro- 
priate drugs to prevent circulatory collapse 
aided by either drug or mechanical therapy 
to maintain respiration. 

The inhalation studies were designed to 
provide information from a single level that 
might tentative 
maximal permissible air concentration of 
the most toxic derivative without the con- 
comitant complication of exposing the animal 


serve as a basis for a 


simultaneously to a droplet spray of the 
liquid material. The results of this study, 
all essentially indicative of no toxicity from 
the criteria applied, indicated a_ tentative 
threshold value of 2.5 mg. of trimethyl- 
trithiophosphite vapor per cubic meter of 
air. This concentration might prove irritat- 
ing to some persons on prolonged exposure. 
The lack of any sort of tox: city in the face 
of known high degrees of toxicity by other 
routes is explained in part by the relatively 
low level of toxicity of the oxidized form 
of the thiophosphite vapor and the apparently 
sharp cut-off point in toxicity below a defi- 
nite blood or systemic level. Inasmuch as 
but one level was tested for only 30 days, 
it is not possible to say what degree of 
safety this exposure affords for more pro- 
tracted exposures. The level of 2.5 mg/m.* 
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should provide a comparatively safer level 
of exposure for the triethyl derivative, how- 
ever, since acute toxicity studies showed this 
derivative to be from two to six times less 
toxic than the methyl derivative by various 
routes. 


It is most important to note that this 
exposure level, though relatively low, was, 
however, far above the threshold limit of 
odor detection. The inherent characteristic 
mercaptan-like odor serves as a most impor- 
tant warning in the use and handling of 
these compounds. Laboratory personnel as- 
sociated with the exposure chamber studies 
reported discomfort associated with the dis- 
agreeable odor, and in some _ instances 
transitory headaches followed brief high ex- 
posures to the vapors. 


The lack of toxicity of the thiophosphite 
vapors in repeated daily exposures at rather 
low concentrations should not divert atten- 
tion away from the fact that these compounds 
can be highly lethal on contact with the 
skin and eye as well as by entry into the 
blood stream through cuts and abrasions. 
For these reasons, it is suggested that con- 
tainers for these materials be clearly marked 
with warning labels. The container labels 
should include precautionary statements ad- 
vising against contact with the skin or eyes; 
in cases of contact, washing exposed areas 
with copious amounts of water is recom- 
mended, followed by immediate treatment 
by a physician. In addition, as this is a 
combustible agent, the warning on the label 
should also mention that contaminated gar- 
ments be submerged in water to avoid spon- 
taneous ignition. 


SUMMARY 


A high degree of toxicity and lethality 
has been demonstrated for two trialkyl- 
trithiophosphites, methyl and ethyl, when 
administered to laboratory animals in single 
acute doses. The calculated L. D.59 for rats 
of the methyl derivative, the more toxic 
of the two compounds, was 44 mg/kg. 
intraperitoneally as a 5% solution in olive 
oil, 105 mg/kg. orally, and 1.03 gm/kg. 
when applied topically. The estimated L. D.50 
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in rabbits via the 


intravenous route was 
between 24 and 40 mg/kg. The calculated 
L. D.s0 for rats of the ethyl derivative was 
355 mg/kg. orally, 168 mg/kg. when admin- 
istered intraperitoneally as the undiluated 
compound, and 275 mg/kg. intraperitoneally 
as a 5% solution in olive oil. The oil vehicle 
in this instance reduced the toxicity by a 
factor of 0.47. The estimated intravenous 
L. D.s59 for the ethyl derivative in rabbits 
was approximately 50 mg/kg. 

An oxidation product of trimethyltrithio- 
phosphite, analyzed closely to the theoretical 
for the trithiophosphate, proved less toxic 
than the parent compound orally in rats 
(225 mg/kg.) but was 1.6-fold more toxic 
than the ethyl derivative. 

Death followed administration of 0.1 ml. 
of the methyl derivative to the rabbit’s eye. 
Extreme, but not permanent, damage to 
the eye occurred in rabbits that survived. 
The ethyl derivative did not produce death 
at this dosage, but ocular damage was simi- 
larly acute. Washing the eyes with water 
or diluted silver nitrate solution prevented 
mortality but accentuated the degree of eye 
irritation. 

An early circulatory collapse, with re- 
sultant respiratory failure due to acute pul- 
monary congestion and edema, was the 
cause of death in all animals following 
single acute doses. 

A special apparatus designed for generat- 
ing pure vapor uncontaminated with drop- 
lets from liquid trimethyltrithiophosphite is 
described. With use of this apparatus, three 
species of animals—dog, rabbit, and rat— 
were exposed to the vapor at a level of 2.5 
mg/m.* for 6 hours daily, 5 days per week 
for a 30-day period, without toxic effects; 
no toxicity was observed during a 2-week 
postexposure observation period. 


Gravimetric analysis of the precipitate 
formed when vapor of the methyl derivative 
was passed through 10% silver nitrate 
solution in a midget impinger was used 
for determining levels of the toxic agent 
in the exposure atmosphere. This method 
is readily adaptable for monitoring at- 
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mospheric concentrations of thiophosphite 
vapors. 

A tentative threshold value of 2.5 mg/m.* 
for trimethyltrithiophosphite vapor is rec- 
ommended until more extensive and de- 
tailed studies are made. Presumably, this 
level would provide safe air concentrations 
for the triethyl derivative. 


Pharmacologic studies in dogs and rats 
indicated that systemically the compounds 
caused marked and prolonged circulatory 
depression followed by acute pulmonary 
congestion. In early stages of the depression, 
the peripheral vascular bed responded tem- 
porarily to sympathomimetic drugs. 


Antidotal treatment with a wide variety 
of pharmaceutical and chemical agents did 
not yield satisfactory protection against ad- 
ministration of an L. Doo dose of the 
trimethyl derivative by gavage in rats. 
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Safety precautions in the form of protec- 
tive clothing and goggles to prevent skin or 
eye contact and extreme caution in handling 
and use of these compounds are recom- 
mended. A warning label relative to these 
factors is suggested for marking containers 
of these chemicals. 


1014 Broadway. 
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Ill. Fingernail Cystine as an Early Indicator of Metabolic Changes in Vanadium Workers 


JOHN T. MOUNTAIN, M.S. 

FULTON R. STOCKELL Jr., B.S. 

and 

HERBERT E£. STOKINGER, Ph.D., Cincinnati 


A previous report from our laboratories 
on the toxicology of vanadium! has shown 
that the ingestion of vanadium by rats re- 
sulted in a depressed cystine content of the 
hair. Of even greater significance was the 
finding that this effect occurred on a vana- 
dium intake of such small proportions as to 
cause no remarkable change in any of the 
usual criteria of toxicity, such as cellular 
morphology, body weight, or liver-to-body- 
weight ratios. Further experimentation has 
confirmed these findings and extended them 
to include exposure by inhalation.* The 
unique sensitivity of this response in animals 
suggested its application in man as a possible 
indicator of minimal response to vanadium 
exposure in industry prior to the onset of 
the usual clinically definable signs and symp- 
toms of toxicity. 

Human fingernails were used because their 
keratin is known * to show far less variation 
in cystine content among individuals than 
does that of head hair. Moreover, it has 
been long known that changes in the cystine 
content of fingernails reflect alterations in 
body metabolism.* 

This report accordingly presents results 
of determinations of the cystine content of 
fingernails of vanadium workers compared 
with those of working groups not exposed 
to vanadium. The cystine values, in turn, 


Submitted for publication May 20, 1955. 

U. S. Department of Health, Education, and 
Welfare, Public Health Service, Occupational 
Health Field Headquarters. 

* Unpublished data. 
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are related to the degree of exposure as 
determined by the amount of vanadium 
eliminated in the urine.* Considerable addi- 
tional data are also included on the cystine 
content of fingernails of persons with vari- 
ous organic diseases in order to show what 
other conditions might affect interpretations 
of the test. 


EXPERIMENTAL PROCEDURE 

Collection of Sample—The hands are washed to 
soften the dirt under the nails, and the nails are 
scrubbed as clean as possible before cutting. Clip- 
pings from all 10 fingers are taken. It is desirable 
to obtain a sufficiently large sample for duplicate 
analyses; this requires at least 60 mg. of nails (ap- 
proximately 1 mm. of growth per finger). At least 
20 mg. of nails are used in a single analysis. 

Preparation of Sample—The clippings are placed 
in a Gooch crucible and immersed successively in 
beakers containing (1) acetone, (2) water, (3) 
acetone, and (4) acetone. About 20 seconds’ con- 
tact is maintained in each of the washes. This treat- 
ment serves to clean and defat the nails; nails so 
treated have a fairly uniform nitrogen content 
(14.5% -15.0%). The crucible containing the nails 
is then placed in an oven at 50 C for two hours, 
then in a desiccator and kept until the sample is to 
be analyzed. 

Hydrolysis.—For each analysis, samples weighing 
30 to 60 mg. (weighed to the nearest 0.1 mg.) are 
placed in a test tube, 18 to 25 mm. in diameter and 
fitted with a ground-glass joint and reflux con- 
denser. Ten milliliters of hydrochloric acid, diluted 
1:1 with HO, is added, and the tube fitted with 
the condenser, covered by a loose test tube, is 
heated in a thermostatically controlled oil bath at 
124 to 126 C overnight (16 hours). The oil level in 
the bath is kept at or below the liquid level in the 
tube. At the end of the heating period the tubes 
are removed from the bath, cooled, and the contents 
diluted with distilled water. After rinsing into a 
150 ml. beaker, a few drops of bromphenol blue 
indicator are added to the hydrolysate, and, with 
rapid stirring, 5 N NaOH is added until the indi- 
cator just changes color (greenish-purple). A little 
N/10 HCI is added to restore acidity; the solution 
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is filtered into a 100 ml. volumetric flask, and the 
paper rinsed with N/10 HCl, the rinsings being 
collected. The hydrolysate is made to volume with 
N/10 HCl. Hydrolysates be retained re- 
frigerated for as long as two weeks for further 
analysis. Recovery of cystine added before hydrol- 
ysis was 97% or better. 


may 


Analysis of Hydrolysate—The cystine content 
of the hydrolysate is determined by the Sullivan 
method as adapted by C. E. Neubeck and C. V. 
Smythe (Arch. Biochem. 4:435, 1944). Five milli- 
liters of the solution to be analyzed is taken in a 
25 by 200 mm. test tube, 2 milliliters of 5% 
NaCN in 1 N NaOH is added, and the mixture is 
allowed to react 10 minutes at 25 C. Then 1 ml. of 
a 2% 1,2 naphthoquinone-4 
sodium sulfonate is added, and the tube is well 
shaken for 15 seconds. Immediately there is added 
5 ml. of 10% Na:SOs in 0.5 N NaOH, and the 
tubes are allowed to stand in the dark at 20 to 25 C 
for one-half hour. Finally, 2 ml. of 5 N NaOH and 
1 ml. of 2% NasS:O, (sodium hydrosulfite) in 0.5 
N NaOH are added. 
Klett-Summerson photoelectric colorimeter within 
3 to 10 minutes, using Filter 54. Standards contain- 
ing up to 0.3 mg. of cystine in 5 ml. of N/10 HCl 
are run in parallel with the samples, and corrections 


aqueous solution of 


Readings are taken on a 


are made for reagent blanks. It is necessary that the 
cyanide treatment be carried out at temperatures 
above 20 C for the indicated time; in hot weather 
it is necessary to cool the tubes to 25 C or below 
before the final additions of alkali and hydrosulfite 
to prevent too rapid fading of the color. With the 
exception of the acids and alkali, all reagents must 
be freshly prepared, i. e., within the hour; the 
naphthoquinone and hydrosulfite, in particular, must 
be made up just prior to use. 


Standard Error of Method.—The standard 
error (S. E.) of duplicate analyses for cystine 
in a + 0.34% 
cystine, determined from 500 samples. The 
S. E. was calculated as 4 ped where A equals 
the difference between results on duplicate 
samples and AK equals the number of pairs 
of duplicates. 

Effect of Added lanadium.—The ques- 
tion whether the accuracy of the cystine 
determinations would be affected by the 


fingernail specimen was 


presence of vanadium in or on the nails 
was answered in the negative, as Table 1 
shows. Increasing amounts of vanadium as 
V2O; were added to the sample of usual 
size, the mixture hydrolyzed, and the cystine 


content determined in the usual way. Com- 
pared with the cystine value obtained on the 
same nail specimen without added vanadium, 
no depression of the fingernail cystine by the 
vanadium was noted. Furthermore, the deter- 
the the 
workers’ nails that had been analyzed for 


mination of vanadium content of 
cystine showed amounts of the order of less 
than 2y V per 50 mg. of nail specimen. 
Inasmuch as certain of these specimens did 
not show depressed cystine values, it can 
only be concluded that the presence of vana- 
dium in or on the nails was without effect 
on the cystine determination. 


TABLE 1.—Lack of Effect of Added l’anadium on 
Cystine Determination in: Fingernails * 


Sample 
Control, No V 


Cystine, Per Cent 


10.34 

10.69 10.40 
24 V added 

11.35 

10.95 11.10 
75 y V added 

10.87 10.66 
150 y V added 

10.53 


*The amount of fingernails per determination ranged 
from 40 to 44 me. All determinations were made on the 
same pooled specimen, whieh contained nail clippings with 
eystine content ranging from 9.8% to 11.5%. 


Urinary lanadium.—This variable was 
the method of 
Talvitie.. The analyst performing the deter- 
minations in 


determined according to 


Peruvian workers had been 
trained in the method under the direction 
of Mr. Talvitie. The urine specimens were 
collected under medical supervision with due 
regard for avoidance of contamination with 
vanadium. The values for the North Ameri- 
can workers represent the average of three 
consecutive daily spot samples (approxi- 
mately 50 ml.) ; those obtained on the South 
American workers represent a single speci- 
men taken after the workers had removed 
all their clothing for the physical examina- 
tion, 
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Groups Studied.—Thirteen groups of per- 
sons have been studied as follows: four va- 
nadium-exposed worker groups; five control 
groups having no known industrial exposure 
to vanadium, and four groups with different 
types of organic disease. The vanadium 
groups included exposures to different 
sources and types of vanadium compounds ; 
the degree of exposure also differed. The 
vanadium workers in Colorado, ranging in 
age from 25 to 62 years, with an average 
of 41 years, were exposed chiefly to carnotite 
ore (KeO-V205.U30s. H2O), ammonium 
metavanadate (NH,VQO3), and “black cake” 
flake (Na2V¢Oj¢) ; air concentrations within 
the plant during the fall of 1951 ranged 
from 0.004 mg. V/m.* near the precipitation 
tanks to 2 mg. V/m.* near the dust collectors 
during cleaning. Respirator protection was 
used at the bagging operations. Improvement 
in several of the operations has occurred 
since this time. The vanadium workers of 
Peru were coca-chewing natives, ranging 
in age from 16 to 76 years, with an average 
of 35 years, living at an altitude of 14,000 
ft., whose exposure was chiefly to patronite 
ore (V2S;) and to vanadium pentoxide; 
exposure concentrations determined in 1953 
varied from 0.01 mg. V/m.* near the ore- 
handling operations to nearly 60 mg. V/m.° 
near mining and bagging operation. The 
exposure of the Central American oil-refinery 
workers was principally to crude vanadium 
pentoxide residues from oil burning; ex- 
posure concentrations are unknown; respira- 
tory protection and gloves were afforded but 
were not used by all employees. 


The five control groups consisted of the 
following: (1) research workers residing in 
Ohio, aged between 25 and 45; (2) shale- 
oil workers of Colorado, from 18 to 67 years 
of age; (3) Alaskan Eskimos living near 
the Arctic Circle, ranging in age from 14 
to over 70 years, and (4) and (5) Arubans 
and Curacaons, who were native Indians, 
Negroes, and Caucasians, with the usual age 
spread of a working population (20 to 60 
years), and were employed as plant workers 
in nonvanadium operations and as clerks, 
janitors, and physicians. 
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The lead workers were smeltermen and 
refiners from a western state, most of whom 
had been employed many years at the trade. 
Their ages ranged from 23 to 58 years, with 


a mean of 39 years. 

The groups with organic disease com- 
prised persons affected with tuberculosis, 
arthritis, cancer, and cirrhosis of the liver; 
also, infectious hepatitis, acute cancers of the 
blood, sprue, and thyrotoxicosis were in- 
cluded to determine the effect such diseases 
might have on the interpretation of the cystine 
test. All these cases were hospitalized pa- 
tients whose disease had been competently 
diagnosed and who were, insofar as is 
known, persons whose recorded disease was 
not in general complicated by a coexistent 
disease. The average age of the tuberculosis 
patients was 50 years, with a range of 17 
to 82 years; that of the arthritic group was 
68 years, with range of 37 to 88 years. 

About 850 fingernail specimens have been 
analyzed for cystine content. 


RESULTS 


V-Exposed vs. Nonexposed Workers.— 
Group Averages: Table 2 shows the results 
of the determinations of the cystine content 
of fingernails of vanadium-exposed workers 
compared with those of control groups of 
industrial and nonindustrial workers. It is 
seen that 10% cystine was a consistent 
average value for control groups not known 
to be exposed to vanadium; the Curacao 
control group appeared to represent an 
exception. Whether this last was due to an 
unknown vanadium exposure or to other 
reasons could not be determined, for it was 
not possible to obtain urine specimens for 
vanadium determination on these workers. 
No control values were obtained from the 
Peruvian miners and millers; specimens 
from all workers in this group showed meas- 
urable urinary vanadium, although some 
specimens submitted were not considered to 
have been from persons exposed to vanadium. 
Among the vanadium-exposed groups, how- 
ever, the average fingernail cystine value 
for each group was consistently lower than 
for their corresponding controls and ranged 
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TABLE 2.—Cystine Content of Fingernatls of Vanadium-Expbosed and Control Groups 


Normal Populations Exposed Populations 
Specimens Specimens 
Speci- Cystine, Below 9% Speci- Cystine, Below 9% 
mens, Mean Cystine, mens, Mean Cystine, 
Location No. Per Cent Per Cent Occupation No. Per Cent Per Cent Occupation 
North America 
workers 
fishers 
61 9.9 10 Shale-oil 105 9.0 26" Vanadium 
workers mill workers 
smeltermen 
South and Central America 
mill workers 
Asada, DW 24 10.3 # 16 9.6 Oil-refinery 
workers 
Curacao, D.W.I....... %6 8.6 83 82 733 Oil-refinery 
workers 


* Where comparison between an unexposed and exposed population was possible, each group was dichotomized into 
a normal and abnormal (below 9% cystine) class. On this basis a x2 test of independence showed (here, P <0.02) that 
the increased incidence of low cystine nails was associated with the worker’s exposure to vanadium. 

+ P <0.10. 

t P <0.05. 

§ These persons had worked in the industry 10 years or longer. 


from 8.2% to 9.6% cystine. The fingernail for 1953 to 1954. Table 4 presents values 
cystine content of 10% for the controls when for a small representative group of normal 
corrected to 16% total nitrogen agrees with unexposed persons; the variance for this 
values reported in the literature (11+1%); control group for one year was 0.11. It is 
racial differences are known. thus seen that a wider variation in cystine 
Individual Values: Table 3 shows a typi- content occurs among vanadium workers 
cal variation in fingernail cystine content than among persons of normal populations. 
which occurs yearly in individual vanadium Indeed, examination of Table 4 reveals a 
workers over a three-year period. The vari- characteristic pattern of cystine values con- 
ance, the square, of the standard error, for sistent for the individual worker; persons 
a person in this V-exposed group, was found to have high fingernail cystine values 
0.89 for the period 1952 to 1953, and 0.54 incline toward maintaining high values, and, 
conversely, those with lower normal values 

Taste 3.—Variation in Cystine Content of Finger- tend to maintain characteristically lower 
nails of Vanadium Mill Workers from values. Purposely included are persons over 


* c 
Year to Year 50 years of age to show that values below 


Cystine, Per Cent Cystine, Per Cent 
“1952 1958 1954 1952 1953 1954 Tams of Con 
GMS 90 107 100 HES as. <a an nails of “Normal” Persons from Year to Year * 
ODS 84 8&7 89 JD 
ADD 6.9 74 9.5 VDM 78 9.3 9.3 Cystine, Per Cent Cystine, Per Cent 
RJS 59 84 96 JCM 103 87 101 
CLG 7.3 9.3 9.0 PWK 10.2 10.3 9.9 1952, Yr. 1952 1953 1952, Yr. 1952 1953 
HLC 10.8 9.2 9.1 Iwi 9.2 9.2 9.1 17 199 12.5 35 96 83 
DP 74 81 #76 JCM 94 86 95 20 106 10.1 50 92 9.5 
WED 71 8&7 73 GOW 95 99 90 pa 103 as 
FK 87 02 13 BBE 85 82 65 21 10.8 9.7 56 92 93 
FJD 84 08 89 AM 99 93 96 o4 10.5 10.1 57 98 95 
Variance (S?) 1952-1953—0.89 30 9.7 10.0 59 10.4 9.7 
Variance (S2) 1953-1954—0.54 33 10.5 9.8 75 10.1 9.9 


Variance (S?)—0.11 


*The results given in the Table represent selected in- ae - 5 
stances typical of the larger group studied. All specimens 
were taken in August of each year. * Selected values typical of larger groups studied. 
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9% are not necessarily associated with those 
of advanced age. 

Normal and Abnormal Cystine Values.— 
From the data just presented, 10% cystine is 
taken as the average value of fingernail 
content of normal white adult men in the 
Northern Hemisphere as far as these have 
been sampled in this study. A value of 9% 
cystine is likewise taken as a cutting point, 
dividing normals above this value from ab- 
normals below it. The 1% difference in 
cystine represents 3S. E. units of dupli- 
cate analyses of the nails, 2.5 S. E. units 
of determination on normal populations as 
sampled. 

Using this cutting point value of 9% 
separating abnormal from normal, the group 
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TABLE 6.—Cystine Content of Fingernails of | ana- 
dium Workers According to Urinary |’ Values 
Peruvian Mill Workers 
(December, 1953) 


Fingernail Cystine 
Specimens with 
Urinary V, y V/L. Cystine Below 9% 


No.in - Mean 
Group Range Mean PerCent No. Per Cent 
7 0-10 s 94 1 l4 
13 11-20 15 8.9 7 55 
5 21-30 p25) 8.5 3 60 

15 75 


20 31-298 >30 8.4 


Table 6 shows similar findings on 45 
vanadium mill workers in Peru. A similar 
inverse correlation is again found, As the 
average urinary V increases, the average 
percentage of fingernail cystine decreases. 


Tas_eE 5.—Urinary Vanadium I|’alues and Cystine Content of Fingernails of Vanadium Workers 
According to Job Groups 


(August, 1954) 


Job Group 
Laboratory and nonplant (chemists, ete.)........ 
Supervisory (foremen, leadmen)................... 
Maintenance (mechanics) 


* Includes one extremely high value of 237; without this value, average is 28 y V/L. 


differences between \V-exposed and control 
workers, as shown in Table 2, become even 
more apparent; the percentage of V-exposed 
workers with fingernail cystine below 9% 
is always much greater than that of the 
corresponding control group. 

Correlation of Fingernail Cystine with 
Urinary V’.—Table 5 shows the fingernail 
cystine and urinary V values of 41 vanadium 
mull workers according to job classifications 
and increasing urinary V values in a hy- 
gienically well-controlled plant. It is seen 
that, as the average urinary V increases for 
the group, so does the average fingernail 
cystine value decrease, the number showing 
abnormally lower cystine values being great- 
est in those groups showing the highest 
urinary V. It may be important to note 
that this urinary V value averages close to 


30y V/I. 
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Average Values for Group 
— Specimens 
Fingernail with Cystine 


Urinary V, 7 V/L. Cystine, Content 
No. in — Per Cent, Below 9%, 
Group Mean Range Mean No. 
ll 6 0-12 9.6 1 
8 17 8-29 9.3 0 
11 47* 9-237 9.2 3 
11 29 11-65 8.97 4 


Again, workers showing largest numbers of 
abnormally low specimens (below 9%) are 
in those groups with the highest average 
urinary V. Although higher percentages of 
persons showed abnormally low cystine 
values according to Northern Hemisphere 
standards when urinary V values averaged 
l5y V/l. and above, the significance is not 


clear in the regrettable absence of controls. 

Table 7 shows that, in general, an inverse 
correlation between urinary V and fingernail 
cystine exists on an individual basis as well 
as on a group basis as just presented. This 
abbreviated table is representative of vana- 
dium workers studied and shows, with one 
or two exceptions, that lower fingernail 
cystine values are associated with higher 
urinary vanadium values in each person. 


Realizing that in this case the urinary value - 
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Cystine, Urinary V, 
Worker Per Cent ¥/I 


Tas_e 7,—Cystine Content of Fingernails and Urinary Vanadium of Peruvian V Mill Workers 
Individual Values 


TABLE 8.—Cystine Content of Fingernails of Vanadium-Exposed West Indian Oil-Refinery Workers 
(Curagao) According to Recentness of Exposure 


Cystine, Urinary V, 
Worker Per Cent ¥/L 


Fingernail Cystine 


Men with Cystine 


Men in Time Elapsed Since Below 9 Per Cent 
Group, Last Exposure Mean = ~~ - 
No. to Vanadium Per Cent No. Per Cent 
More than 3 months 8.5 8 57 
nds Less than 3 months 72 100 


represents a single specimen, the correlation 
is good. 

Recentness of posure—E ffect on Nail 
Cystine—The intermittent nature of the 
work of cleaning the residues from oil-fired 
burners provided an opportunity to deter- 
mine the effect of lapse of exposure on the 
fingernail cystine test. Because the rate of 
nail growth in man (1 mm. per week) is 
such as to require approximately three 
the the end of the 
finger“ (from the time of vanadium ex- 
posure until the 
the were 
divided into two groups, those with no ex- 
posure more recent than three months and 
those whose exposure had been either more 
recent or less intermittent (Table 8). It is 
seen that, when the lapse of exposure to 
vanadium oil residues had been greater than 


months from base to 


nail specimen may be 


obtained ), oil-burner cleaners 


three months, fewer persons showed lowered 
cystine than did those with more continuous 
or more recent exposure. Thus the cystine 
content of fingernails affords a reasonable 
reflection of changes in exposure conditions 
on a chronic basis and, more importantly, 
indicates reversibility of the 
induced change. 


vanadium- 


Nail Cystine in Organic Disease —The 
literature shows that a number of disease 
states can cause depressed levels of cystine 
in the human fingernail.+ We accordingly 
investigated this aspect of the problem to 
determine which conditions might give rise 
to false positive results with the method used 
in this study. The results presented in Table 
9 show the following: (1) Active pulmonary 
tuberculosis does not usually depress finger- 
nail cystine levels (25 normal of 26 tested) ; 
(2) arthritis, whether generalized, rheuma- 
toid, or hypertrophic, generally causes no 
abnormal depression in cystine content unless 
(3) 
chronic liver disease (cirrhosis) in the ma- 


of duration greater than 10 years; 
jority of cases depresses fingernail cystine 
values, but there were no infectious or acute 
types of short duration as might be expected 
from the nature of the test; (4) likewise, 
cancers of long standing but not acute forms, 
such as those of the blood, cause abnormally 
low cystine values; (5) sprue, a vitamin- 
deficiency disease (one case, not shown in 
Table 9), appears to lower the fingernail 
cystine, and (6) a case of thyroid disease 


+ References 3 and 7. 
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TABLE 9.—Cystine Content of Fingernails of Workers with Various Diseases 
No. with 
Cystine 
Cystine, Per Cent Content 
No. in —~ — Below 
Disease Group Mean Range 9% 
Tuberculosis * 
26 9.8 8.6-10.9 1 
Arthritis ¢ 
ll 9.1 6.1-10.8 4 
Mors CHAD 21 8.6 6.5-10.8 15 
kx 2 9.7 9.5, 9.9 0 
2 84 7.9, 8.8 2 


+ Aspirin therapy, no cortisone. 


(toxic nodular goiter) had no effect on the 
fingernail cystine value. Thus it is seen that 
of the diseases that commonly afflict working 
populations some, but not all, of the more 
chronic may produce depression of the 
cystine content of the fingernails in a man- 
ner similar to that produced by response to 
vanadium exposure. 


COMMENT 


The test just described for the early de- 
tection of subtle body responses from ex- 
posure to a potentially toxic agent for man 
requires extensive development, wide ap- 
plication, and most careful evaluation. 
Numerous variables in the environment and 
in the worker may affect the test. Among 
the more important that we have sought 
to evaluate in this study is the identity of 
the toxic agent as the cause of the response ; 
workers are commonly exposed not to.a 
single agent but to many. That vanadium is 
the chief single factor in the response is 
shown without question in the demonstra- 
tion that fingernail cystine is lowered in 
workers handling differing types of vana- 
dium ores or vanadium residues from oil 
burners, among which there is no known 
common component other than vanadium 
(Table 2). The previously reported lowered 
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* Therapy—streptomycin and either paraminosalicylate (PAS) or isoniazid. 


cystine content of animal hair* where the 
sole agent was vanadium is further evidence 
of this point. 

A second important question that had to 
be resolved was the validity of the cystine 
analysis itself: Would the vanadium ad- 
sorbed onto the workers’ nails vitiate the 
results? The addition of varying amounts 
of vanadium to nails prior to analysis failed 
to show that the cystine content would be 
reduced by its presence during the test 
(Table 1). Accordingly, if vanadium ex- 
ternal to the body were to produce the de- 
pressed cystine values observed, two condi- 
tions would have to hold. 1. Vanadium 
would have to be adsorbed through the skin 
at the locus of the nail base. 2. The vana- 
dium would have to act locally there to alter 
the amount of cystine incorporated into the 
nail. The first of these assumptions is not 
believed sufficient to account for depressed 
cystine values observed in workers; the 
second is not believed valid, because several 
pieces of evidence indicate that vanadium 
does not act locally on the nail but that 
its action is mediated through the liver. 
Vanadium if adsorbed onto the nail can not 
alter the cystine content after the nail has 
grown out. Evidence favoring the validity 
of the above assumptions is the finding of 
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lowered nail cystine values in workers who 
wore gloves during work, thus offering 
considerable protection against locally ab- 
sorbed vanadium. It was similarly found 
that the presence of relatively large amounts 
of lead, up to 150y per 50 mg. of nail speci- 
men, did not affect the cystine determination 
when added to normal nails; amounts of 
lead greater than 30y per 50 mg. specimen 
incorporated with the nail during growth 
were associated with lowered cystine values, 
however. 

A third important question is the incidence 
of false positive results: What other condi- 
tions residing within the host may similarly 
yield lowered cystine values? This we have 
tried to demonstrate in a preliminary way 
by examining the nails of a modest number 
of persons with certain of the more usual 
(Table 9). this 
that those diseases 


diseases 
found 


From work we 
which 


affect the liver’s capacity to synthesize pro- 


chronic 


tein, such as cirrhosis, arthritis, and certain 
cancers of long standing, also are associated 
with depressed cystine content of the nails. 
More work is needed to determine the effects 
of other diseases on fingernail cystine. 

It is to be noted that the fingernail cystine 
content, though hopefully an evaluation of 
pretoxic effects, by its nature is a test of 
response to chronic exposure, the nail re- 
quiring about three to three and one-half 
months to grow from its base (from the 
time of exposure to the point where it may 
be taken for analysis). The test, therefore, 
is not intended to assess those acute respira- 
tory effects for which vanadium is most 
commonly noted but to indicate the extent 
of basic metabolic derangements caused by 
vanadium. Such derangements are below the 
limits of usual clinical assessment. No out- 
ward manifestation or, indeed, any clinical 
sign may be observed when fingernail cystine 
values may be greatly depressed ; the worker 
feels healthy and is on the job. The effects 
we are measuring here are below the cellular 
level and thus would escape the attention 
of the pathologist; they are detectable only 
through biochemical analysis. 


From the rather limited study of urinary 
vanadium values not associated with lowered 
cystine values as the biologic threshold limit, 
20y V/l. was found for Colorado workers, 
but 10y V/l. for Peruvian workers. More data 
are needed to establish this biologic limit 
with certainty, but the order of magnitude 
of the value of permissible urinary vanadium 
is low. 

The most important feature of the test, 
it seems to us, is its capacity to indicate 
in a quantitative way an effect of vanadium 
on metabolism which is so slight as to incur 
no other outward manifestation that we 
have been able to discover. Similarly, ani- 
mals treated with minute doses of vanadium 
showed detectable changes in hair cystine 
content before any changes in body weight, 
physiologic reserve, or cellular structure 
were observed.' The depression of cystine in 
the dermal appendages is the most sensitive 
indicator of response to vanadium that we 
have yet been able to discover. Because in- 
creasingly toxic effects from vanadium 
paralleled increased exposure and progres- 
sively lower cystine values in rats, it would 
seem that the fingernail cystine test may 
ultimately find use as a pretoxicosis test 
in man. Irrespective of its final usefulness, 
it offers a nice refinement in the approach 
to preventive occupational health and better 
understanding of the effects of industrial 
substance in the body. A test of this sort 
may also identify the highly susceptible 
person and thus fulfill Requirement 5 of 
Smyth * for fully effective industrial hygiene 
control. It should serve as a warning that 
mild alterations in body metabolism are 
being induced by vanadium, which are ap- 
parently reversible (Table 8). From the 
character of the diseases in which cystine 
is altered and the integral part cystine plays 
in body protein structures, we are assuming 
for the present that the effect of vanadium 
is mediated through the liver by interfering 
with its enzyme function in amino acid 
metabolism. Further work will have to be 
done to determine the correctness of this 
assumption. 


501 


A, M. 


SUMMARY 


A highly sensitive test of vanadium action 
in man is believed to have been demonstrated. 
This test depends on the quantitative meas- 
urement of the sulfur-containing amino acid 
cystine in the of vanadium- 
exposed persons. Values of cystine depressed 
1% below that of normal are considered 
abnormal and indicative of altered amino 
acid metabolism brought about by vanadium 
in the absence of other conditions known 
to effect a similar change. Industrial work- 
ers with sufficient, but very minimal, ex- 
posures respond alike with lowered finger- 
nail cystine irrespective of the 
character of the vanadium material to which 


fingernails 


values 


they have been exposed. Certain chronic 
diseases, such as arthritis of long standing, 
certain types of cancer, and cirrhosis of the 
liver show similar depression of fingernail 
cystine content. We are not advocating the 
procedure at this time for the selection of 
workers with dangerous exposures to vana- 
dium; we do believe that it serves as a 
screening test of disturbed body metabolism, 
which should be checked medically, and if 
no other cause is found, overexposure to 
vanadium should be suspected. 


Among the many persons who contributed time 
and effort to this study, especially those who pro- 
vided specimens for analysis and analytic data, are 
the following: 

Dr. Frederick J. Vintinner, Director, Department 
of Industrial Hygiene, The Institute of Inter-Amer- 
ican Affairs, Lima, Peru. 

Dr. Robert E. Eckardt, Medical Director, Esso 
Laboratory, Standard Oil Development Company, 
Linden, N. J. 

Dr. H. G. S. van Raalte, Chief Medical Officer, 
N. V., Curagaosche Petroleum Industrie Maats- 
chappij, Emmastad, Curacao, N. A. 
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Dr. Thomas W. Nale, Medical Director, Union 
Carbide and Carbon Corporation, New York. 

Dr. Donald J. Birmingham, Chief Dermatologist, 
Occupational Health Field Headquarters, Cincin- 
nati. 

Dr. Melvin M. Udel, Senior Assistant Surgeon, 
Medical Unit, Occupational Health Field Head- 
quarters, Cincinnati. 

Dr. 
erans 


Richard L. Witt, Resident Physician, Vet- 
Administration Hospital, Cincinnati. 

Dr. Robert C. Burt and Dr. Allan M. Goldberg, 
Chief Medical Officers, Drake Memorial Hospital 
for Chronic Diseases, Cincinnati. 

Dr. Helen Ackerman, Staff Physician, Dunham 
Hospital for Tuberculosis, Cincinnati. 

Mr. N. A. Talvitie, of the Toxicology Unit, per- 
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The discovery of radium and x-rays at 
the turn of the century created health prob- 
lems for the persons handling or exposed to 
them. The doses of external radiation which 
the early experimenters received eventually 
resulted in extensive tissue destruction and 
in many instances ended in the loss of fingers, 
hands, and even lives. As data on these 
persons accumulated, it became apparent 
that external radiation had a marked effect 
upon the hematopoietic system, with a high 
incidence of aplastic anemia, leukemia, and 
other blood dyscrasias. 

These early experimenters soon found 
that in order to remain healthy it was neces- 
sary to take extreme precautions. Since 
radium was handled as much as possible in 
sealed containers, the major hazard was 
recognized as one of external exposure to 
beta and gamma radiation, as destructive as 
x-rays. Precautions, such as lead shielding 
and the use of instruments for handling 
radium capsules to avoid close contact of 
radium with any part of the body, were 
eventually instituted and were successful to 
a large degree in controlling the hazards. 

By the time of the First World War a 
novel use for radium was developed which 
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created an entirely new hazard—the employ- 
ment of small amounts of radioactive salts 
to produce, in combination with fluorescent 
pigments, a paint which would continuously 
glow in the dark without any external energy 
required. Because the quantity of radium 
salts in the individual batches of paint was 
extremely small, well below an amount con- 
sidered capable of producing radiation dam- 
age to the body, no precautions were thought 
necessary in the handling of these materials. 
However, in the early 1920’s, Martland dem- 
onstrated the extreme danger of microscopic 
amounts of radium when inhaled or ingested. 
He showed that radium once taken into the 
body had a marked predilection for deposi- 
tion in the bones, where the alpha particles 
deliver an intense radiation dose. With this 
discovery, the approach of industrial hygiene 
to the radium-dial painting industry was re- 
viewed, and a detailed code to prevent the 
accidental inhalation or ingestion of radium 
was gradually accepted by most of the in- 
dustry. 

Since these recommendations were de- 
signed to protect the individual painter, ex- 
ternal radiation control was not considered 
necessary. In the case of von Sochocky,? 
who carelessly swallowed luminous paint and 
subsequently died of aplastic anemia, Mart- 
land did suggest that a massive dose of ex- 
ternal radiation may have played a _ part. 
The concept that the physicists, laboratory 
technicians, and other personnel handling 
the radium phosphors concentrated 
amounts might be subjected to a dual hazard 
was never seriously considered, and all at- 
tention in this industry remained directed at 
the problem of avoiding internal deposition. 
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Only in the handling of radium capsules and 
x-ray machines were precautions to prevent 
excessive external radiation observed. 

The advent of the atomic age created the 
problem of monitoring persons handling or 
exposed to a wide variety of radioactive 
materials. New techniques, such as film 
badges, pocket dosimeters, and all types of 
field survey meters, were developed to meas- 
ure the person’s exposure. The Manhattan 
Project stressed the need for greater empha- 
sis in radiation safety and control. Numerous 
recommendations were made to cover every 
new type of hazard from artificially produced 
radioactive materials or from new uses for 
radium. It is noteworthy, however, that the 
radium-dial painting industry continued to 
operate on the basis of the earlier limited 
protection program.* 


ENVIRON MENTAL EXPERIENCE 

Attention was called to the problem of 
reviewing external radiation hazards by the 
occurrence of two deaths from aplastic ane- 
mia in a single radium-dial painting plant 
within the space of a few years. Because of 
the known close association between radium 
poisoning and blood dyscrasia, a careful in- 
vestigation was made for evidence of radio- 
active material in the bones of the first 
deceased. When negligible amounts were 
demonstrated, it appeared that no excessive 
radium exposure had been received and that 
death from aplastic anemia in this industry 
was pure chance. This was further rein- 
forced by the fact that the company had 
maintained a careful check on the radon in 
the expired breath of all employees, which 
was considered an adequate controi for the 
detection of excessive deposition of radium 
in the body. At no time did the breath radon 
tests of the deceased indicate a concentration 
which appreciably exceeded the limits recom- 
mended. 

Two years later a second worker in the 
same plant died from aplastic anemia, Be- 
cause of the marked rarity of this disease 
(only 0.4 per 100,000 enumerated population 
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in 1950), the possibility that this was due 
to pure coincidence could no longer be 
seriously considered. A careful investigation 
of the working history and environment of 
both workers was therefore undertaken to 
determine what factor or factors might have 
contributed to their fatal illness. It was 
soon determined that, while the long-accepted 
precautions had been taken to prevent the 
entrance of radium into the body, the hazard 
of external radiation was still considered 
negligible and only minimal protective meas- 
ures were used. An environmental study, 
however, showed an appreciable external 
radiation hazard and strongly suggested 
that this was probably the etiological factor 
producing the aplastic anemia. Since, to the 
best of our knowledge, these are apparently 
the first deaths due primar‘’, to external 
radiation recognized as scl °. the radium- 
dial painting industry, and because they 
point to the need for protective measures 
heretofore considered unnecessary, — their 
history is being presented at this time 
in some detail. The evaluation of (1) the 
environmental factors to which these two 
persons were exposed, (2) the industrial 
hygiene aspects of the problem, and (3) the 
recommendations for control will be dis- 
cussed in this paper. The clinical and patho- 
logical features will be discussed in a separate 
paper. 
ESTIMATED EXPOSURES 

Case 1.—An elderly white man had been em- 
ployed by the company for 18 months prior to his 
death. For the first 10% months he worked as a 
packer of luminous buttons, and thereafter he was 
employed as an assistant chemist in the adhesive 
and dial-reclaiming laboratories. 

The luminous buttons consisted of sealed disks 
containing zinc sulfide mixed with radium. They 
were made in two sizes, a peisonnel marker about 
1 in. in diameter containing 107 of radium per 
button (later made with 5y per button) and a 
vehicle marker about 2 in. in diameter containing 
307 of radium per button. Twenty-four smaller 
buttons were packed in a thin sheet metal box 
lined with %g in. of lead. Twelve of these boxes 
were packed in a carton and two cartons placed 
in a case, making 576 buttons to a case, or al- 
most 6 mg. of radium when the 107 buttons 
were packed. The 2 in. buttons were packed two 
to a cardboard box, 100 boxes to a case, amounting 
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to 200 buttons or 6.0 mg. of radium per case, as 
before. Each case was lined with % in. of lead. 
Several filled cases would be accumulated in the 
immediate vicinity of the packer. At intervals he 
would transport these into a large storage room 
where they would be held until called for. 

The laboratory work consisted of reclaiming 
radium compound from used or defective dials. 
The compound was stripped off in a solvent which 
avoided any dust hazard, but considerable amounts 
of the radioactive material accumulated in the 
bottom of the stripping jar. The man also worked 
as a helper in the adhesive laboratory, where he 
was exposed to the vapors of various solvents. A 
careful investigation, however, the solutions 
used both in radium reclaiming and in adhesive 
formulation failed to reveal any exposure to appre- 
ciable amounts of benzene, toluene, or other bone 
marrow depressants. 


of 


Two years elapsed after the first person 
died, and the operations which he performed 
were no longer being conducted in the plant 
at the time of the investigation of the two 
deaths. It was impossible, therefore, to 
obtain accurate measurements of the radi- 
ation exposure. Calculations would indicate, 
however, that a worker packing 6 mg. of 
radium could readily be exposed to gamma 
radiation dosage rates as high as 50 mr per 
hour and that if packed cases were left 
standing around, as was apparently the case, 
the dosage rate could have been considerably 
higher. The thin lead lining might afford 
protection from beta radiation when the box 
was finally closed but would have very little 
effect upon the gamma radiation. 


Measurements taken in the area around 
the benches of the adhesive and dial-re- 
claiming laboratories when they were not 
in use showed a general radiation dosage 
rate of 1 to 6 mr per hour, apparently due 
to the accumulation of radioactive material 
in cracks and other parts of the floors, wood- 
work, and cabinets. 
added any additional dose from the accumu- 
lated reclaimed phosphors. 


To this would have been 


Breath radon tests made on the worker 
during his employment in no case signifi- 
cantly exceeded the maximum permissible 
level of curies/liter. Radioautographs 
and direct ionization chamber measurements 


on tissue and bone sections obtained at autop- 
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sy failed to show any measurable trace of 
retained radioactive material. 


Case 2.—A young white man had been employed 
concurrently at the same plant for several years. 
This period continued up until one week prior to 
his death. He had previously worked there for a 
year shortly after the start of the war, during 
which time he was employed as a laboratory assist- 
ant, performing duties throughout the plant and 
transporting work and material from one place to 
another. No evaluation of his total exposure during 
this first period of employment was obtainable, as 
his duties were very general. 

On his return to the plant after military service, 
this worker was assigned to the laboratory pre- 
paring radioactive phosphors. There his principal 
work consisted of screening batches of zine sulfide 
to which varying concentrations of radium were 
added. As a rule, the higher concentrations were 
handled in smaller batches, so that the average 
radium content of batch would usually be only 5 
to 10 mg. done shortly after 
deemanation so that the radon and radon daughter 
content of the compound would be 1% to 2% of 
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saturation equilibrium. The screening was performed 
with an electrically agitated screen mounted in an 
exhausted hood. The hood was made of sheet metal, 
with a face opening of approximately 3 by 6 ft., 
and stood on a laboratory table located in one 
corner of the room. The operation of the screening 
machine was automatic and did not require con- 
stant attention, so that the operator could leave 
the room and work elsewhere except when the 
machine was being loaded and unloaded. 


This work was performed for about six months, 
with on-the-job rotation of two weeks on and four 
weeks off. Thus, an actual exposure time solely 
at the screening process amounted to about two 
months. During the off period the operator would 
work in other laboratory capacities where apparent- 
ly a lower level of radiation was present. 

Later employment consisted of the development 
of instruments to measure the light output of the 
phosphorescent paint. This work was performed 
mainly in the laboratories investigated in connec- 
tion with Case 1, where the general room dosage 
rates from 1 to 6 mr per hour. Some 
experimental work was done on the operator’s own 
time in the development of large luminous, radium- 
activated signs, and at least two of these were made 
as samples. 


ranged 


In this case it was again impossible to measure 
the principal external radiation dose rates directly, 
since the screening operation was no longer being 
performed in the laboratory in question. Adequate 
control was assumed to be achieved by the follow- 
ing: (1) the hood to remove any radioactive dust 
from the breathing zone of the worker; (2) han- 
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dling the radium phosphors in freshly deemanated 
state, in which they would have a very low gamma 
radiation output; (3) use of automatic equipment 
which would permit the worker to remain out of 
the room during most of the screening operation, 
and (4) work rotation which would limit the 
worker’s time on the “higher” exposure job. While 
the hood was apparently fairly effective in trans- 
porting the radium dust from the breathing zone 
of the worker, it was poorly designed, with many 
crevices on the inside in which dust could be 
trapped. As a result, it remained heavily contami- 
nated with radium dust which had returned to 
equilibrium, giving off large amounts of gamma 
radiation from the decay products. The general 
radiation level in the screening room varied from 
15 to 25 mr per hour, of which about 75% was 
considered gamma radiation. As the screening hood 
was approached, the level rose to 30 mr per hour 
at 4 ft. from the hood and was 60 mr per hour 
in the working area directly in front of it. Inside 
the hood readings were above 120 mr per hour. 
All these readings were taken some time after 
the screening operations had been discontinued in 
the room. At the time of investigation a lead-lined 
safe in which large quantities of radium were 
stored was in the center of the room and appeared 
to contribute slightly to the over-all room radia- 
tion level. 


Breath radon measurements taken about every 
six months after the period of military service 
varied from 1.010712 curies/liter to 3.741071? 
curies/liter of expired air, indicating that the 
worker had been consistently at or slightly above 
the upper limit of tolerance for internal radium 
storage. Radioactivity studies of his tissues and 
bones obtained at autopsy indicated that the de- 
ceased had a total body content of radium close 
to the accepted tolerance limit of 0.ly. This would 
not be considered sufficient by itself to be the 
cause of aplastic anemia. 


COMMENT 


While the occupations of these two work- 
ers were very different and varied during 
their employment in the plant, their cases 
do show a certain consistency. Both persons 
were working in an area where the gamma 
dosage rate was apparently below the gen- 
erally accepted maximum limit for most of 
the time, but with peak exposures well above 
those dosage rates for part of their employ- 
ment. The first case had no appreciable 
inhalation hazard, and this was confirmed 
by the autopsy findings. He did, however, 
have an exposure over an 11-month period 
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to what must have been at least 50 mr per 
hour and probably considerably more. As- 
suming a 48-hour week, with time off for 
wash-up and other duties of 8 hours per 
week, the weekly dose may have been a 
minimum of 2000 mr. The second case 
was exposed to an inhalation hazard at 
about the limit of tolerance, which by itself 
would apparently not have been sufficient to 
produce aplastic anemia. He also was inter- 
mittently exposed for a few months to ex- 
ternal radiation well beyond permissible 
limits, in the order of 60 mr per hour or 
perhaps an additional 2400 mr per week. 
It is possible too that his terminal illness 
may have been triggered by a brief inhala- 
tion or ingestion exposure during the course 
of his experimental work with luminous 
signs. Hence, the total tissue dose in the 
bone area was the result of two simultaneous 
exposure conditions. 

In both of these cases precautions had been 
taken to prevent excessive inhalation and 
were maintained based upon the periodic 
analysis of the worker’s breath radon. In 
neither case, however, was film-badge moni- 
toring or pocket dosimetry considered neces- 
sary to check on the exposure to external 
radiation, nor were field checks made using 
survey instruments to determine whether 
such a hazard existed. There is no record 
either of any periodic medical examinations, 
including blood cell counts, to further check 
the workers’ health. 

Evaluation of the exposure in both of 
these cases was complicated by several fac- 
tors. The lapse of time since the exposure 
ended, the fact that much of the work was 
in connection with war-time production 
schedules which were no longer being car- 
ried out, and the fact that the plant was in 
process of moving to a new location and had 
discontinued many of its operations on the 
premises where these men had worked pro- 
hibited direct measurements under operating 
conditions. Therefore, no exact exposure 
levels to external radiation could be deter- 
mined. For this reason, an absolute verdict 
as to the etiology of their aplastic anemia 
cannot be reached. It can. however, be postu- 
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lated with a fair amount of assurance that 
the anemia was due to external radiation, 
almost entirely in the first case and to a 
large extent to the second. Certainly the 
strongest argument against coincidence is the 
occurrence of two cases of so relatively rare 
a disease as aplastic anemia in a plant of 
this size within a few years of each other. 


RECOM MENDATIONS 


The control of external radiation hazards 
in the dial-painting industry requires recogni- 
tion that the potential exposure may be 
perhaps present in certain areas of the 
plant. In addition to the need for controlling 
the internal hazards, an accomplishment that 
seemed sufficient in this plant, the following 
recommendations for environmental control 
of external radiation hazards are suggested : 


1. All operations involving the handling, 
painting, stripping, or packaging of radium 
compounds should be surveyed for external 
hazards including both the beta and the 
gamma component. The potential dose from 
each should be estimated and considered 
additive to any air-borne hazard that may 
be present. 


2. Persons engaged in repetitive opera- 
tions which concentrate a number of items 
each containing a small amount of radium 
should be provided with personnel monitor- 
ing devices at all times, at least until adequate 
data are obtained to indicate that the accumu- 
lated weekly dose is much less than the maxi- 
mum permissible. 


3. The storing of radium-bearing items 
in large numbers, where the concentration 
of radium is sufficient to produce an external 
hazard, should be done safely. Such factors 
as shielding and distance may be combined 
to reduce the dose rates. In many instances 
placing the radium storage, both raw materi- 
al and finished product, at an extreme end of 
the workplace or in a room with heavy con- 
crete walls will minimize the cost of such 
safeguards. Where lead is used, it should 
be recognized that the radium gamma radi- 
ation is highly penetrating. In all instances, 
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radiation measurements should be made at 
the point of nearest approach and so posted. 
Where distance remains a factor, the posted 
sign should bear a conventional radiation 
warning symbol and stipulate the distance 
which must be maintained for safety. \Where 
time limits of exposure are to be relied upon, 
the sign should state these clearly, and some 
type of personnel monitoring should be pro- 
vided for all personnel so limited. 


4. All fixtures wherein radium in bulk or 
loose form is handled should be designed to 
minimize retention of dust or spillage. Hoods 
should be as free from crevices as possible. 
Surfaces that are easily decontaminated 
should be used where major amounts of 
radium in any form are to be processed. 
Such materials include glass, polished stain- 
less steel, Formica-type plastics, or dis- 
posable absorbent paper. 


5. Frequent cleaning of the entire work- 
room should be performed, with use of tech- 
niques which minimize the regeneration of 
deposited dusts. Any equipment so used 
should be checked periodically for radioactive 
contamination and used only for radium 
cleaning. 


6. Where operations change irregularly, 
continued surveys of external radiation dose 
rates instituted, using proper 
measuring instruments. 


should be 


A medical program should be instituted, 
including a full medical examination before 
assignment to work in a radiation environ- 
ment followed by periodic check-ups. Periph- 
eral blood studies and periodic breath analysis 
for expired radon should be instituted. In 
areas where extreme high dose rates are 
present, personnel monitoring should be sup- 
plemented by more frequent medical exam- 
inations. 


SUMMARY 


The environmental histories of two per- 
sons who worked in a radium-dial painting 
plant in occupations other than as painters 
and who died of aplastic anemia are pre- 
sented. The internal radiation component 
from inhaled or ingested radium, as deter- 
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mined by both breath radon samples and 
measurements on the tissues at autopsy, was 
negligible in the first case and not appreciably 
above permissible in the second. Evaluation 
of their work histories, however, indicated 
a probable high exposure to external radi- 
ation. This consisted principally of exposure, 
in the first case, to the packaging of large 
numbers of finished items coated with radium 
and, in the second case, to the processing of 
large batches of radium-containing phosphors 
inside a poorly designed hood which had 
become contaminated and itself productive 
of a hazardous dose rate. Recommendations 
to prevent the future occurrence of illness or 
death from this type of exposure are made. 
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In order to determine the vapor toxicity 
of a composite solvent, it is customary to 
expose animals to the vapors of the indi- 
vidual components of the solvent mixture 
and to infer from the results possible additive 
effects. Although useful data can be ac- 
cumulated by this procedure, it is necessary 
to supplement such experiments by exposure 
of animals to vapor which has the same com- 
position as the liquid solvent. Conditions 
of actual occupational exposure can thereby 
be approximated, and much needed informa- 
tion on synergistic or antagonistic physio- 
pathologic effects of the vapor components 
can be gathered. 

The production of a vapor of constant 
composition from a mixed solvent is techni- 
cally difficult because the constituents of 
such a solvent are usually present in con- 
centrations which differ markedly from one 
another. Futhermore, the constituents fre- 
quently exhibit widely differing vapor pres- 
sures and rates of evaporation at room 
temperature. In experimental exposures, 
the solvent is usually volatilized from a con- 
stant-level liquid reservoir. If this procedure 
is used for the volatilization of a mixed 
solvent, the composition of the vapor will 
change continually owing to the factors 
mentioned above. In this report, a method 
is presented which permits the production 
of a vapor which corresponds in its per- 
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centage composition to that of the solvent 
mixture from which it is generated. To 
achieve this, small aliquots of the solvent 
mixture are volatilized at such a rate that 
‘ach discrete portion is completely evapo- 
rated before the next portion is subjected 
to volatilization. The aliquots are kept so 
small that their complete evaporation is 
rapid enough to maintain a dynamic state 
in which the total vapor concentration pre- 
vailing in the exposure chamber does not 
pass through any series of perceptible max- 
ima and minima. This is accomplished by 
feeding the solvent onto the fritted dise of 
a gas-washing bottle by means of a metering 
pump and volatilizing it with a stream of 
air. The gas-washing bottle is immersed 
in a constant-temperature bath. Tempera- 
ture, rate of solvent feed, and rate of air 
flow are adjusted so that each aliquot of 
solvent is completely evaporated, and the 
desired vapor concentration is obtained in 
the exposure chamber into which the vapor 
is drawn. 

The apparatus is shown in the Figure. 
Results obtained by the procedure outlined 
above are incorporated in a report on the 
vapor toxicity of a mixed solvent.’ It was 
found by chemical analysis that the vapor 
obtained by this method had the same per- 
centage composition as the parent solvent. 


SUMMARY 


A method is described which permits the 
production of a vapor which corresponds 
in percentage composition of constituents 
to that of a mixed parent solvent. 
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Apparatus for producing a vapor corresponding in its percentage composition to that of the 
solvent mixture from which it is generated. 


Inflow from air compressor. 


2. Gas-washing bottle. Corning Laboratory Glassware Catalogue LP34, Item 31750, Code 
440480, coarse-fritted disc, Ts 24/40 opening. 


2a. Constant-temperature bath. 


3. Three-way connecting tube. Corning Laboratory Glassware Catalogue LP34, Item 8980, 
Code 418750, two male joints Ts 24/40, one female joint Ts 10/30. 


. Adapter tube. One female and one male joint Ts 24/40. 

. Connection to exposure chamber. 

. Ten centimeter boiling tube with Ts 10/30 male joint at one end. 
. Tygon or Teflon tubing. 

. Three-way valve. 

. Connection to a solvent reservoir for filling of syringe by backing up the infusion pump. 
10. 

11. 


Standard glass syringe. 
Variable speed, constant-rate infusion pump (design of E. Ross Hart and W. Goebel Sr.) 


Metro Industries, Long Island City, N. Y. 
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HERBERT McKENNIS Jr., Ph.D. 
and 
LLOYD B. WITKIN, Ph.D., Richmond, Va. 


It has been suggested’ on the basis of 
chronic exposure of animals to hydrazine 
that the maximum allowable concentration 
in air be set at 5 ppm. In the past it has 
been considered * that toxic concentrations 
of hydrazine are self-revealing and that the 
vapors are sufficiently odorous and irritating 
to provide adequate warning to workers 
under most conditions. Inadvertent exposure, 
however, could result from admixture with 
other gases which might mask the early 
signs of overexposure to hydrazine. Observer 
fatigue and temporary or permanent anosmia 
are additional factors which point to the 
desirability of methods for the determination 
of hydrazine in air. 

For our own investigation it was espe- 
cially desirable to determine the degree of 
simultaneous pollution of air by both hydra- 
zine and ammonia. There are a number 
of studies in the literature dealing with 
estimations of hydrazine and ammonia when 
the two are present together in solution. 
Hydrazine has been determined titrametri- 
cally with ammonia* and ammonia calcu- 
lated by difference after oxidation of 
hydrazine. Wiebke * considered this method 
unsatisfactory when large amounts of hydra- 
zine were present and suggested removal 
of the latter by precipitation with cupric 
ammonium sulfate.* The procedure was so 
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devised that trace quantities of hydrazine 
were oxidized by the alkaline copper solu- 
tion.+ Precipitation of the major portion of 
hydrazine before oxidation served to prevent 
large errors in the ammonia determination 
through additional ammonia evolved from 
hydrazine during treatment with the alkaline 
copper salts.t 

Various methods of analysis depend upon 
the destruction of hydrazine prior to deter- 
mination of ammonia. DeVries and Gantz ** 
decomposed hydrazine by treatment with 
acidic iodate prior to Kjeldahl distillation 
of ammonia 

Cl 
A similar procedure has been reported for 
another laboratory.* Both methods require 
destruction of iodine monochloride or iodine 
formed during the oxidation reaction. In 
the former method sodium sulfite is em- 
ployed, and excess sulfur dioxide is removed 
prior to distillation of the ammonia. Pugh 
and Heyns** have reviewed much of the 
literature on the oxidative removal of hydra- 
zine for analytical purposes. These authors 
report that iodic acid, bromine, or perman- 
ganate may be employed prior to Kjeldahl 
distillation of ammonia. 

Since in air sampling the collection of a 
large number of replicates is not always 
possible, it was desirable to devise a non- 
destructive microanalytical procedure which 
would permit the simultaneous or sequential 
determination of both hydrazine and am- 
monia. In keeping with these requirements 
and those of simplicity and accuracy, the 
colorimetric procedure of Pesez and Petit ** 
appeared to be adaptable. It has been shown 
already that the accuracy of the method 


+ References 7 and 8. 
t References 9 and 10. 
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does not suffer even when concentrations 
of ammonia exceed by a factor of 5000 the 
concentrations of hydrazine.'* The method, 
moreover, is straightforward, and determina- 
tions can be accomplished, if necessary, 
without the use of a colorimeter. The single 
reagent required ( p-dimethylaminobenzalde- 
hyde in 2 N sulfuric acid) has been reported 
to be stable for periods of several weeks.'® 
In the current studies solutions have been 
found to be stable for periods of several 
months. 


It seemed probable that, by taking advan- 
tage of the difference in vapor pressure 
between aqueous solutions of hydrazine and 
ammonia, a quantitative separation might 
be achieved. In pilot studies on dilute solu- 
tions of hydrazine it was found that under 
conditions adequate for complete removal 
of ammonia by aeration ™ little or no hydra- 
zine was removed. This finding led to the 
development of a quantitative method suit- 
able for routine analysis of air samples 
containing both hydrazine and ammonia. 


APPARATUS AND REAGENTS 
The analytical reagents were 
Potassium carbonate, saturated solution 
Nessler’s reagent (Koch and McMeekin) 16 
Gum ghatti solution 16 
Hydrazine sulfate, Eastman white label 
Hydrazine standards (from above) containing 
2y/l. and 10v/1. 
Ammonium sulfate (dried) 


p-Dimethylaminobenzaldehyde (0.200 gm. in 5 
ml. 2 N sulfuric acid) 


Sulfuric acid 0.1 N17 
Aeration is conducted in a Van Slyke-Cullen 


urea apparatus (Fisher Scientific Co. Catalogue No. 
6-366). 


AIR SAMPLING 

A test tube (approximately 28 by 200 
mm.) from the Van Slyke-Cullen apparatus 
is fitted with a bubbler tube from the ap- 
paratus. Twenty milliliters of 0.1 N sulfuric 
acid is placed in the tube, and air (approxi- 
mately 1 liter per minute) is drawn through 
the solution at as rapid a rate as possible, 
yet slowly enough to prevent loss of fluid 
by spray. Control determinations have shown 
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that these conditions permit a quantitative 
collection of both hydrazine and ammonia 
at the concentration levels studied. Addi- 
tional sulfuric acid tubes in series with the 
first tube did not yield hydrazine or am- 
monia on analysis. Variation encountered in 
commercial bubbler tubes makes it desirable 
to check the efficiency of the tubes before 
restricting the collecting train to a_ single 
test tube. The use of more efficient gas dis- 
persion systems, such as those found de- 
sirable in certain other studies,’* does not 
seem to be warranted. 


DETERMINATION OF AMMONIA IN 
THE SAMPLE 


An aliquot of the acid solution obtained 
above (suitably 5 to 10 ml. containing ap- 
proximately 50y of ammonia) is placed in 
the first test tube of the Van Slyke-Cullen 
apparatus. Ten milliliters of saturated aque- 
ous potassium carbonate (or 10% sodium 
hydroxide ) is introduced into the tube which 
is connected in series with an empty tube 
(trap ) 
contains 


followed by another tube which 
20 ml. of O.1 sulfuric acid. 
Nitrogen is passed through the solutions as 
rapidly as possible until all the ammonia 
has been aerated into the tube containing 
acid. Aliquots of the acid solution (10 ml.) 
are transferred to a colorimeter tube con- 
taining two drops of gum ghatti solution. 
ne milliliter of Nessler’s solution is then 
added. Mixing is accomplished by inversion. 
After 10 minutes the color intensities are 
read in the Klett-Summerson photoelectric 
colorimeter, using Filter 54 (green) and 
compared with standard solutions of am- 
monia.'® 


DETERMINATION OF HYDRAZINE 
THE SAMPLE 


IN 


While the aliquot for the ammonia deter- 
mination is being aerated, another aliquot 
containing approximately ly of hydrazine 
is placed in a colorimeter tube. Water is 
added until the total volume is 5 ml. The 
p-dimethylaminobenzaldehyde solution (0.5 
ml.) is then added. After mixing, the solu- 
tion is allowed to stand for five minutes and 
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HYDRAZINE AND AMMONIA IN AIR 


+, in Alkaline 
Solution at 


y Found in Alkaline 
Solution After 


y Found in Acid 
Solution After 


Start One Hour One Hour 
Run, No. Ammonia Hydrazine Ammonia Hydrazine Ammonia Hydrazine 
3.0 0.0 3.0 +2 0.0 
50.0 3.0 0.0 3.2 +2 00 
DO 3.0 00 2.8 0.0 
50.0 3.0 0.0 2.8 5O +2 0.0 


then compared in the colorimeter ( Filter 42) 
against standard solutions. When the supply 
of unknown is extremely limited, the deter- 
mination can be accomplished on the alkaline 
solution from which ammonia has been re- 
moved. .\ suitable aliquot is acidified to pH 1 
by addition of concentrated sulfuric acid 
(approximately 0.2 ml. for 5 ml. of solu- 
tion). After addition of aldehyde reagent, 
the solution is compared in the colorimeter. 
The results for either procedure are the 
same within the limits of experimental error 
inherent in the method. Typical results from 
known solutions are shown in Table 1. It 
is to be noted that the substitution of air 
for nitrogen in the aeration procedure is 
not recommended. Duplicate analyses on air 
samples are shown in Table 2. 

EFFECT OF INTERFERING SUBSTANCES 

Since Nessler’s reagent is known to react 
with a wide variety of amines, it is impor- 
tant to establish that contamination of air 
is actually caused by ammonia and not some 
other volatile amine. Hydrazine has a pro- 
nounced effect upon Nessler’s reagent. The 
conditions outlined in the method have 
heen developed to eliminate entirely any 


TABLE 2.—Duplicate Analyses of Air Samples Con- 
taining Hydrasine and Ammonia 


Ammonia, Hydrazine, 


No. 1 2 1 2 
as 13.7 13.0 4.06 3.79 
17.8 18.2 4.06 4.22 
17.7 18.1 4.24 4.41 
17.0 14.1 4.58 4.36 
18.7 18.3 4.74 4.74 
17.8 18.3 5.07 4.96 
71.9 19.3 6.11 6.22 
we 19.9 194 5.08 5.14 
ius 18.2 18.2 4.03 4.08 


significant contribution of hydrazine to the 
ammonia values. Pilot studies indicated that 
if any hydrazine passed over with ammonia 
the quantity would be negligible. Check 
determinations on the aerated solutions be- 
fore and after removal of ammonia showed 
that no hydrazine had been lost or transferred 
during aeration. In addition, hydrazine de- 
terminations on aliquots of solutions used 
for the Nessler determination of ammonia 
showed a similar absence of contamination 
by hydrazine. 

If the amounts of hydrazine are small 
compared with the amounts of ammonia, 
aeration presumably can be conducted with 
air free of amines rather than with nitrogen 
as employed in most of our studies. The 
possibility of occasional contamination of 
laboratory air, with vitiation of results be- 
cause of products arising from the oxidation 
of hydrazine in alkaline solution, led to our 
standardization on nitrogen. 

Since the contaminants of air which might 
interfere with the determination of hydra- 
zine are generally known, precautions can 
be taken for their elimination. Interfering 
substances include aromatic amines as well 
as methylhydrazine.'"* The matter of inter- 
fering substances has been previously dis- 
1,1-dimethylhy- 
drazine, and 1,2-dimethylhydrazine do not, 


cussed.§ Phenylhydrazine, 
under most conditions, contribute signifi- 
cant chromogens in the presence of the 
p-dimethylaminobenzaldehyde reagent. 


SUMMARY 


A procedure has been developed for the 
determination of hydrazine and ammonia 
in air. Advantage is taken of the difference 


§ References 13 to 15. 


TABLE 1.—Aeration of Known Solutions of Hydrasine and Ammonia 
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in vapor pressures of aqueous hydrazine and 
aqueous ammonia, which permits the latter 
to be separated from the former. In this 
manner ammonia can be determined by 
nesslerization without interference from 
hydrazine. Hydrazine can be determined 
before or after removal of ammonia from 
the acidic solution which is used to collect 
hydrazine and ammonia from air. 


Miss Eugenia Porter, Miss Jean Cosby, and 
Miss Elizabeth J. Adair rendered technical as- 
sistance. 
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Toxicology 


|. Acute and Subacute Toxicity 


HENRY J. HORN, M.D. 
and 
ROBERT J. WEIR, M.S., Falls Church, Va. 


Since World War II, increased usage has 
been found for chlorine trifluoride as a suita- 
ble halogenating agent and as a potent oxi- 
dizer for high-temperature cutting of metals 
and propulsion.* Although the literature con- 
tains no toxicological data, the following re- 
view of the literature dealing with the physi- 
cal and chemical properties will aid in ap- 
praising the toxicological hazards. 


REVIEW OF THE LITERATURE 7 

In 1929, while investigating the physical 
properties of chloride monofluoride, Ruff and 
Laass '* found evidence that pointed to the 
existence of chlorine trifluoride. It was iso- 
lated the following year by reacting chlorine 
and fluorine gases at low temperature.’® Con- 
firmation and improvements in reaction 
methods have been developed by others more 
recently. Chlorine trifluoride was not uti- 
lized until near the end of World War II, 
when Germany began production on a rela- 
tively large-scale basis, possibly for in- 
cendiary purposes.”° 

Chlorine trifluoride may exist as a white 
solid, a colorless to pale yellowish-green 
liquid, or a practically colorless gas. It has a 
slightly “sweet” odor and is extremely irri- 
tating to the mucous membranes.§ It does not 
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§ References 13, 16, and 26. 


of hifluoride 


obey the gas laws perfectly, but this may be 
due to impurities or decomposition. The 
principal physical properties are as follows: 

Melting point ||: —80 to —83C 

Boiling point 11.2 to 11.75 C 

Liquid density 2: 1.8403 gm/ce. at 15 C 

1.7936 gm/cc. at 
Vapor pressure §: 
Pmm =7.36711 —1096.917 (t+232.75) 
Critical temperature 16: 154C 
Heat of vaporization § : 6580 cal/mole at 11.75 C 


Infrared and Raman spectrum studies, elec- 
tric conductivity, isotope exchange reactions, 
low-temperature thermal data, and other 
physical and chemical properties have been 
studied.# 

The most outstanding chemical property 
of chlorine trifluoride is its highly corrosive 
nature. It has almost universal activity as a 
potent oxidizer, approaching elemental fluo- 
rine in reactivity, but is easier to handle be- 
cause of the ease with which it may be liqui- 
fied.* Its reaction with metals, as a class, is 
dependent upon temperature and the forma- 
tion of a protective fluoride coating. The 
metals are converted to fluorides of a higher 
valence.t The metal fluorides are used as 
more controllable fluorinating agents for 
hydrocarbons.'* The nonmetals do not form 
protective films of fluoride and, as a class, 
often react violently, sometimes igniting. 
Oxides, gases (hydrogen, sulfur dioxide, 
hydrogen sulfide, ammonia, and carbon mon- 
oxide), and organic compounds are vigor- 
ously attacked.t Neither borosilicate glass nor 
quartz react when dry. Chlorine trifluoride 
does not react with rare gases, nitrogen, oxy- 
gen, and possibly platinum or palladium.’* 


|| References 13, 16, 24, and 26. 

| References 8, 16, 24, and 26. 

# References 1, 3, 10, 12, 15, 18, 20-23, and 27. 
* References 13, 24, and 26. 

+ References 16 and 26. 

¢ References 14, 16, and 26. 
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Schematic diagram of experimental apparatus 
used in studies of inhalation toxicity of chlorine tri- 
fluoride. (1) Temperature-controlled bath; (2) cir- 
culating pump; (3) % h.p. refrigeration unit; (4) 
reservoir with heater; (5) lamp bank; (6) relay; 
(7) thermometer; (8) bimetallic temperature regu- 
lator (American Instrument Company); (9) chlo- 
rine trifluoride cylinder; (10) orifice flowmeter, 
connected to water manometer; (JJ) gassing cham- 
ber; (72) decontamination unit; (J3) borax solu- 
tion; (14) water pump; (15) spray nozzle; (16) 
orifice flowmeter, water manometer; (17) air pump 
(turbine type). 


Reviews of the chemical and_ physical 
properties by Booth and Pinkston,* Leech," 
and Porter '* are available in the literature. 


EXPERIMENTAL DESIGN 


Method of Exposure—lIn the acute studies groups 
of 20 rats each were exposed to concentrations of 
480 and 96 ppm, while 20 rats and 2 dogs were 
exposed to 21 ppm. In the subacute studies 2 dogs 
and 20 rats were exposed to an average concentra- 
tion of 5.15 ppm for a period of six weeks. An 
equal number of animals were housed in the same 
laboratory to serve as controls. The laboratory 
was temperature controlled to 25 C +1C. The 
exposures were performed in a 500 liter stainless 
steel chamber with a water-sealed lid. The inlet 
was equipped with suitable devices for the injection 
of chlorine trifluoride, and the outlet was equipped 
with an orifice flowmeter, a control valve, and a 
turbine exhaust pump. A constant rate of flow was 
maintained through the chamber during the ex- 
posures, and this rate of flow could be observed 
and controlled with the orifice flowmeter and the 
valve. 

The Figure presents a schematic diagram of the 
experimental apparatus. The inlet to the chamber 
opened inside a hood (for the protection of the 
operating personnel), which housed the chlorine 
trifluoride cylinder and associated equipment be- 
hind a % in. steel plate. In the acute studies the 
chlorine trifluoride was released as a gas from a 
1 lb. cylinder into the inlet of the chamber. It was 
not necessary to immerse the cylinder in the 
temperature-regulated bath in these exposures; 
however, for the lower concentrations in the sub- 
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acute study this was necessary in order to ade- 
quately control tne concentration in the chamber. 
Determination of Concentration—The method of 
chemical determination of the concentration in the 
chamber was accomplished by drawing a known 
quantity of the chamber atmosphere through two 
bubblers connected in tandem and containing 10% 
sodium solution. Samples were not 
drawn until 90% equilibration had been reached, 
which was determined according to the equation 


hydroxide 


given by Silver.2° The quantity of atmosphere 
drawn was metered with a “Precision” wet-test 
meter. The contents of the two bubblers were 


combined and made up to standard volume, and an 
aliquot was analyzed for chloride by the Volhard- 
Harvey method.® From these data the concentration 
of chlorine trifluoride could be calculated. 

The operation of the experimental appa- 
ratus was complicated by the extremely cor- 
rosive property of chlorine trifluoride. This 
caused the eventual disintegration of the 
Kovar to glass seals as well as blockage of 
the exhaust system and eventual breakdown 
of the turbine pump. Even with careful at- 
tention to the temperature regulations, devia- 
tions of one-half to two times the average 
value of the concentration were encountered 
in the subacute exposures. 
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Acute inhalation toxicity of chlorine trifluoride 
for rats. Cumulative deaths vs. time from start of 
exposure. 
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TOXICOLOGY OF 

RESULTS 

Acute Inhalation Toxicity.—The chart pre- 
sents the mortality data plotted on logarith- 
mic probability paper, from which the 
E. T.s59’'s were determined to be 40 minutes 
and 3.7 hours at concentrations of 480 and 
96 ppm, respectively. 

At 480 ppm excessive preening and ex- 
citability were noted immediately. Within 
two minutes rhinorrhea was observed in some 
of the rats. Within four minutes a deep, gasp- 
ing type of respiration was noted in nearly 
all the animals. A fine mist seemed to come 
from the animals’ fur, perhaps from the com- 
bination of the chlorine trifluoride and the 
moisture on the fur. Within five minutes the 
caustic properties of this compound were 
noted in the eyes. There was considerable 
lacrimation, and the animals kept their lids 
closed ; some of the rats had swollen and raw 
lids, while others had considerable crusting 
about the lids. After 19 minutes salivation 
was marked in nearly all the animals, and all 
of them were in acute distress. During the 
course of exposure that portion of the cornea 
of the eye which was unprotected by the lids 
had a dull, milky white appearance in several 
of the rats. All the rats died within 70 min- 
utes; death was usually preceded by some 
excitement and occasionally by convulsions 
and coma. 

At 96 ppm the previously observed signs 
were noted, but the rate of development was 
slower. Three minutes after the exposure was 
initiated, excessive preening and an increase 
in the rate and depth of respiration were 
observed. After five minutes a gasping type 
of respiration was seen in all the animals. 
After 65 minutes of exposure one rat was 
found to be in acute distress and had marked 
gasping respiration, lacrimation, salivation, 
and rhinorrhea. The eyes of this rat were 
partially opened, and the exposed cornea had 
a dull, milky white appearance. All the other 
rats were lying about the chamber floor with 
their eyes tightly closed. At the end of two 
hours most of the rats had a considerable 
amount of exudate around their eyes; the 
lids appeared raw and swollen; there was 
crusting about the nose and mouth, and many 
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had a bubbling rhinorrhea. The gasping type 
of respiration had become far more marked 
by this time. The exposure was terminated 
at the end of four and one-half hours, at 
which time 14 of the 20 animals had died. 
Two more died very shortly after being re- 
moved from the chamber. Some of the rats 
showed excitement and a few tonic move- 
ments just before death. 

At 21 ppm two dogs and 20 rats were 
exposed for two days on a six-hour-per-day 
basis. Approximately 10 minutes after the 
exposure was initiated, rhinorrhea and 
lacrimation were seen in the dogs; they 
blinked their eyes continually at first and 
later kept their eyes tightly closed. Shortly 
after this the rats also began to show preen- 
ing and rhinorrhea. During the first day’s 
exposure the dogs became nauseated, coughed 
up a small quantity of mucous material, and 
had rapid respiration and salivation (the 
saliva was drooling from their mouths). 
When removed from the chamber at the end 
of the first day of exposure, they refused to 
eat or drink and kept their eyes tightly closed. 
When the lids were forcibly opened, it was 
noted that the conjunctivae were markedly 
injected; furthermore, the fur of the entire 
animal felt as if it had been singed, and the 
fur about the face was wet from rhinorrhea 
and salivation. The rats, likewise, had a 
“singed feel” to their fur, and rhinorrhea 
and lacrimation were quite obvious. 

The following morning the animals were 
essentially normal, although the eyes of the 
dogs were still markedly inflamed. During 
the second day of exposure observed signs 
followed essentially the same pattern as on 
the first day. Approximately four and one- 
half hours after the experiment was started 
on this second day, it was found that the rate 
of air flow had markedly decreased, probably 
allowing the concentration to become con- 
siderably higher than 21 ppm. The experi- 
ment was immediately terminated, and it was 
found that the exhaust system had become 
plugged. It was unfortunate that time did 
not permit a sampling of the chamber atmos- 
phere to determine the maximum concentra- 
tion to which the animals had been exposed. 
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One of the dogs developed severe corneal 
ulcers on both eyes, which persisted for a 
period of slightly over one month. These 
corneal ulcers were not apparent at the time 
the dog was removed from the chamber but 
apparently developed as a result of severe 
localized exposure to the chlorine trifluoride, 
with precipitation of proteins and eventual 
necrosis and sloughing. These corneal ulcers 
had a raw appearance and were extremely 
slow to heal. Even after one month the cor- 
neal ulcers were quite apparent, although 
they appeared to have reepithelialized, leav- 
ing a large scar. 

The day after the exposure this dog also 
developed a raw, irritated area over the lat- 
eral and superior aspect of the nose. An 
eschar developed within a few days, which 
eventually sloughed and left a scar. The 
sedimentation rate on this dog was markedly 
increased and continued to remain elevated 
for over a period of one month. The dog re- 
gained its appetite within several days and 
appeared to have recovered except for the 
corneal ulcer. 

Subacute Inhalation Toxicity—Twenty 
rats, average weight 221 gm., and two male 
dogs, Dog X-1 weighing 7.7 kg. and Dog 
X-2 weighing 8.1 kg., were exposed to an 
average concentration of 5.15 ppm of chlo- 
rine trifluoride for a period of six weeks on 
a six-hour-per-day, five-day-per-week basis. 
The total number of actual exposures was 31. 

The signs observed during the course of 
this experiment were limited mainly to the 
dogs and consisted of salivation, lacrimation, 
and rhinorrhea. In addition, at this lower 
concentration severe coughing and sneezing 
were noted. At the end of the first day of 
exposure the rats did not appear to be af- 
fected, and the dogs, although they had shown 
previous signs of mucous membrane irrita- 
tion, did not appear markedly affected. 

On the second day of the experiment the 
previously described signs were again noticed, 
and, in addition, the dogs were blinking their 
eyes continually as if they were severely irri- 
tated. The rats appeared somewhat restless, 
and there was a moderate amount of preen- 
ing, salivation, and rhinorrhea. 
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On the third day coughing, sneezing, lacri- 
mation, salivation, and rhinorrhea were again 
noted and appeared within 10 minutes after 
exposure was initiated. At the end of the six- 
hour exposure all the animals were depressed, 
and the rats had moist irritated areas around 
their mouths and noses. 

These findings continued along essentially 
those lines described above for several days. 
All animals developed a “singed feel” to their 
fur. On the seventh day a milky white exudate 
was noted around the eyes of the dogs and a 
small quantity of vomitus was also noted. 
During the exposures the dogs presented a 
picture which one might expect to see in 
asphyxiation, i. e., the animals would lie on 
the floor with their lips widely parted and 
their heads raised above their bodies and sup- 
ported by a corner of the chamber. The rats 
had blood-tinged exudate around the nose. 
As the experiment continued, the rats be- 
came more depressed, and unthriftiness be- 
came a prominent sign. 

On the 17th day of the experiment Dog 
X-2 began to have considerable respiratory 
difficulties, showing an increase in respiratory 
rate and depth, with some wheezing and 
rales ; the tentative diagnosis was pneumonia. 
The following morning this dog was found 
dead. 

At the start of the exposure on the 20th 
day the remaining dog, Dog X-1, showed 
redness of the gums, bluish coloration of the 
tongue, and a large amount of crusted 
exudate at the medial canthi. There was a 
bubbling of the rhinorrhea about the nose 
with respiration. At the termination of ex- 
posure on this day the dog coughed up ap- 
proximately 100 ml. of mucoid material. The 
following two days the dog had severe cough- 
ing, sneezing, and rales. After the exposure 
the rats appeared to be sneezing more fre- 
quently than had been previously observed, 
and the dog had coughed up a large quantity 
of mucus. 

On the 23d day 1,000,000 units of peni- 
cillin G were administered to the dog, since 
it seemed obvious that the dog was dying of 
pneumonia. The following morning the dog 
appeared to be considerably better, and 
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coughing had ceased; however, the dog ate 
very little. After the exposure on the 24th 
day the dog still appeared to be better than 
before the administration of the penicillin, 
and an additional 800,000 units of penicillin 
were administered. Regardless of the peni- 
cillin therapy, on the 26th day of the experi- 
ment the dog was found dead in the cage. 

The rats were developing severer sneezing 
and were appearing more unthrifty. Although 
the rats were all alive by the 26th day, they 
had a marked “singed feel” to their fur and 
had developed a reddish-brown discoloration ; 
they appeared markedly unthrifty ; salivation 
and rhinorrhea were observed daily, and 
sneezing was observed frequently. These find- 
ings continued throughout the remainder of 
the experiment. 

On the 36th day one rat died at termina- 
tion of the exposure for that day; death was 
preceded by a convulsion. By the end of the 
38th day the rats appeared extremely un- 
thrifty. The fur was matted and discolored 
with blood from the nose, and there were 
many areas in which the hair had fallen out. 
Although the rats appeared in poor health, 
no further deaths occurred, and the experi- 
ment was terminated on the 43d day. 

Comparison of the average weights of the 
rats, as presented below, indicates slightly 
less weight gain in the experimental rats than 
in the controls. 


Average Weight, Gm. 

Experimental Controls 
Start 221 270 
Termination 261 334 


Hematology.—The Table presents the re- 
sults of the routine hematological studies 
which were performed on the dogs through- 
out the course of the subacute experiment. 
There was an increased sedimentation rate 
and the suggestion that white cell count was 
increased in both experimental dogs before 
death. 

Biochemistry.—Blood chemistry studies 
were performed on the 3rd and 22d day of 
the experiment. These determinations in- 
cluded blood urea nitrogen, blood sugar, 
serum carbon-dioxide-combining power, and 
icterus index. These values were found to 


be within normal limits for both the experi- 
mental and the control dogs. 


Gross Pathology—The gross pathology of 
the lungs from the animals exposed to either 
480 or 96 ppm was essentially identical. 
These findings were as follows: (1) The 
lungs remained distended rather than col- 


Routine Blood Studies Performed on Male Dogs 
Exposed for Six Weeks to an Average 
Concentration of 5.15 Ppm of 
Chlorine Trifluoride 


Dog X-2 Died on the Eighteenth Day of the 
Experiment, and Dog X-1 Died on the Twenty-sixth 
Day of the Experiment. Dogs C-1 and C-2 Were 
Male Controls. Day Is Number of Days from 
Initiation of the Experiment. Total Number of 
Actual Exposures Was Thirty-one. 


Hemo- Sedimen- Hema- 


globin, tation  tocrit, 
Day Gm./100 Ce. Rate Value,% 


Initial A 15.0 1 
Initial 17.0 
Initial J 15.3 
Initial 17.2 
17 15.0 
17 17.5 
17 14.8 
17 14.6 
21 14.6 
21 
21 


24 
24 
24 


lapsing as one would expect normal lungs 
to do; (2) the external surface of the lungs 
had many red spots, and the cut section was 
a homogeneous red color, and (3) some 
edema fluid could be expressed from the cut 
section upon gentle palpation. The livers were 
noted to be somewhat darker than normal. 
The appearance of the other organs in the 
animals exposed to 480 ppm of chlorine tri- 
fluoride was not remarkable, but at the lower 
concentration, of 96 ppm, the gastrointestinal 
tract was found to be markedly distended 
with gas. The other organs were not re- 
markable. 

In the subacute study the autopsy of the 
dog which died on the 18th day showed a 
large quantity of mucoid material around the 
mouth area. This may have been due to 
emesis or marked salivation prior to death. 
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No. 
Xl 47 
4 53 
C-1 43 
C-2 4. 44 
X-1 47 
x-2 55 
C-1 45 
C-2 45 
X-1 42 
C-1 i 45 
C2 45 : 
X-1 17,000 14.8 37 46 
C-1 7,400 14.1 2 40 
C-2 7,700 15.9 1 47 
|| 


M. 


When the thorax was opened, the lungs did 
not collapse normally and a small quantity 
of blood-tinged pleural effusion was noted. 
The cut sections of the lungs were hemor- 
rhagic, exuded blood, and had a fibrous con- 
sistency. When the bronchi and bronchioles 
were cut through, a large quantity of tena- 
cious hemorrhagic mucoid material was 
found. The remaining organs appeared to be 
within normal limits. The autopsy of the 
dog which died on the 26th day showed no 
outward abnormality except for the “singed 
feel” of the fur. When the thorax was 
opened, a moderate amount of pleural effu- 
sion was noted. The lungs did not collapse 
normally and were dark red on external and 
cut section. A large quantity of edema fluid 
exuded from the cut section. The trachea 
was found to contain a large quantity of 
frothy fluid. The other organs were within 
normal limits, and cause of death of both 
dogs appeared to be an overwhelming pneu- 
monia. 

Autopsy of the rat which died on the 36th 
day of the subacute study showed pathology 
was limited to the lungs. When the thorax 
was opened, the lungs were found to have a 
solid consistency and did not collapse as 
normal lungs do. The external surface was 
speckled with dark-red areas, and the cut sec- 
tion was a homogeneous dark-red. A large 
quantity of edema fluid exuded from the cut 
section. In all the experimental rats which 
were killed at termination of the experiment, 
the lungs failed to collapse as normal lungs 
do, except one. All the lungs showed varying 
degrees of hyperemia, hemorrhage, and 
edema. The livers and kidneys of most of 
the rats were dark and exuded a large quan- 
tity of blood on cut section. In general, the 
gastrointestinal tract was void of material. 

Microscopic Pathology.$—A survey of the 
microscopic sections from the acute studies 
showed that chlorine trifluoride has potent 
caustic properties to living tissue with which 
it comes in contact. This was seen in the 
sections of the lung and eyeball. In the lung 


§ Summary of the detailed microscopic pathology 
prepared by V. J. Dardin, M.D. 
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there was bronchial constriction, and the 
lining cells of the bronchi had been coagu- 
lated and fused into a hyaline membrane. 
There were emphysema, pulmonary edema, 
and vascular congestion. In the eyeball the 
epithelial layer was separated from the under- 
lying elastic membrane by a wide space filled 
with a purple-staining granular material 
which was apparently a coagulated protein 
substance. In the liver hydropic degenera- 
tion and marked vascular congestion were 
seen. Sections of other organs were within 
normal limits. 

In the subacute study the microscopic sec- 
tions supported the gross finding of over- 
whelming pneumonia in the dogs as well as 
severe lung pathology in the rats. Micro- 
scopic examination revealed purulent bron- 
chiolitis, bronchiectasis, bronchopneumonia, 
and abscesses in those animals which died, 
while lower degrees of pathology were 
observed in the survivors which were killed 
at termination of the experiment. Sections of 
other organs were within normal limits. 


SUMMARY 


The literature contains no detailed account 
of the toxicology of chlorine trifluoride ; how- 
ever, the literature on the chemical and 
physical properties is reviewed. From the 
fact that chlorine trifluoride is an extremely 
corrosive agent, some insight into its toxi- 
cological properties can be obtained. 

Groups of 20 rats were exposed to the 
vapor of chlorine trifluoride at concentra- 
tions of 480 and 96 ppm, where E.T.59’s were 
found to be 40 minutes and 3.7 hours, respec- 
tively. Groups of 20 rats and two dogs were 
exposed to concentrations of 21 and 5.15 
ppm. Deep gasping respiration, rhinorrhea, 
salivation, and lacrimation were observed 
during the exposures. The concentration 
influenced the speed of onset of these signs. 
In addition, there was a “singed feel” to the 
fur, and marked eye irritation and corneal 
damage occurred. In the acute studies post- 
mortem examination revealed emphysema, 
pulmonary edema, vascular congestion, bron- 
chial constriction, and coagulation and fusion 
of the lining cells of the bronchi into a hya- 
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line membrane. In the liver hydropic degen- 
eration and marked vascular congestion were 
seen; these changes were probably due to 
anoxemia resulting from the marked pulmo- 
nary pathology. 

In the subacute study no liver damage was 
observed but in the lung bronchopneumonia, 
bronchiectasis, purulent bronchiolitis, and 
abscesses were seen in those animals which 
died, while lower degrees of pathology were 
seen in all the survivors. 
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JAMES H. THOMPSON, M.D., San Francisco 


Liver disease is an uncommon cause of 
industrial claim. Of the 500 new industrial 
cases seen in medical consultation during 
the past four years in my practice, demon- 
strable liver disease accounted for only 14, 
or 3% of the total number. Of this group, 
four were due to infectious hepatitis as a 
result of plasma or blood transfusions re- 
ceived in conjunction with some other indus- 
trial injury; one was due to jaundice from 
absorption of a large hematoma; and one 
was due to alcoholic cirrhosis. There were 
only nine cases of liver disease actually 
caused by industrial poisoning. It is the 
purpose of this paper to discuss this small 
group of cases and to emphasize the impor- 
tance of the supplemental effects of com- 
bined liver poisons. This supplemental effect 
both increases the severity and may alter 
the type of liver disease produced by a given 
chemical. 

The cases of liver disease caused by 
industrial poisoning include five by carbon 
tetrachloride, two by a combination of carbon 
tetrachloride and paradichlorobenzene (moth 
flakes), and one each by trichloroethylene 
and perchloroethylene. 

The clinical picture of severe carbon tetra- 
chloride poisoning is familiar to all physi- 
cians, I am sure. Carbon tetrachloride is 
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a halogenated hydrocarbon closely related 
to chloroform. Severe poisoning first pro- 
duces narcosis and dizziness and possible 
death due to paralysis of the respiratory 
centers. In the less severe cases, headache, 
malaise, nausea, and vomiting occur. These 
symptoms are attributed to direct central 
nervous system effect. In addition, there 
may also be local irritation to the mucous 
membranes and skin burns. During the first 
one to six hours, the above symptoms are 
most noticeable. Following this, the patient 
progresses into an intermediate stage charac- 
terized by headache, malaise, nausea, vom- 
iting, diarrhea, generalized muscular aches, 
cramps, fever, and abdominal pain and ten- 
derness. These symptoms are believed to 
be due to increased guanidine in the blood 
and are frequently relieved by injection of 
calcium salts intravenously. 

The full-blown third stage of this disease 
appears, as a rule, after about 24 to 36 
hours and is manifested by an increase of 
symptoms of the intermediary stage and, in 
addition, symptoms due to changes in the 
liver and the kidney. The liver may become 
rapidly swollen, causing extreme abdominal 
pain, tenderness, and jaundice. If there is 
renal involvement, oliguria, anuria, edema, 
hematuria, and elevation of the blood pres- 
sure may follow, with uremia and convul- 
sions terminally. There is usually a hemor- 
rhagic diathesis, with associated hemateme- 
sis, subconjunctival hemorrhage, melena, and 
petechial phenomena. If the carbon tetra- 
chloride has been heated, as in the case of 
use as a fire extinguisher, lung irritants, 
similar to mustard gas, may be produced, 
which cause marked pulmonary edema. As 
the disease progresses, usually during the 


| | 


LIVER DISEASE 


second and third weeks, cardiac involve- 
ment, with congestive failure, cardiac ar- 
rhythmia, and pulmonary edema, may occur. 

Needless to say, these patients are acutely 
and seriously ill. The outcome may be fatal, 
but more frequently the patient recovers 
after a prolonged illness of several months’ 
duration without apparent residual liver dis- 
ease. Such poisoning may occur as a result 
of inhaling vapor or the ingesting of the 
liquid inadvertently or as a medicine. 

It is of great interest that persons ex- 
posed to other hepatotoxins, such as alcohol, 
may become poisoned by small amounts of 
carbon tetrachloride which under ordinary 
circumstances would not be toxic. Such com- 
bined or supplemental poisoning by different 
sorts of hepatotoxins will be dealt with at 
greater length later in this paper. 

Carbon tetrachloride is a cheap, non- 
inflammable solvent for gums, rubber, resins, 
fats, and greases. It is used widely in 
industry as a cleaning agent, rubber solvent, 
and degreasing agent. 

I have seen numerous cases of poisoning 
in the mild and severe form, both in private 
and in military practice. It is always interest- 
ing to relate some of the details of individual 
cases, for they are so varied. For example, 
one group of 20 airmen in a military estab- 
lishment in England were engaged in clean- 
ing machine guns at an air base. These men 
were efficient and worked on a_ regular 
schedule in a room with moderately poor 
ventilation. A nontoxic, “‘secret’’ solvent was 
being used without detriment to the workers. 
However, when the supply of this solvent 
was exhausted, carbon tetrachloride was sub- 
stituted, and it was noted by the air surgeon 
that there was a marked increase in illness, 
absenteeism, and a general decreased effi- 
ciency among these men. Such minor com- 
plaints as headache, nausea, diarrhea, fatigue, 
and drowziness were the presenting com- 
plaints. A question of ‘gold bricking’’ was 
entertained. However, on investigation it 
was found that these minor so-called “func- 
tional complaints” came on shortly after the 
switch from the nontoxic solvent to carbon 
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tetrachloride. When adequate ventilation was 
provided, the incidence of illness disappeared, 
and this section again worked efficiently. 
Similar circumstances occur in civilian life 
in cleaning establishments where the workers 
may be subjected to continuous exposure 
of low concentrations of vapors. Such ex- 
posure may be due to faulty machinery or 
faulty operation and does not cause serious 
enough complaints to attract attention. How- 
ever, it may be a factor in absenteeism 
and in certain susceptible persons may re- 
sult in more serious systemic poisoning. 

“Susceptible” persons are frequently heavy 
users of alcohols, as in one of our chemical 
factory workers who was employed bottling 
carbon tetrachloride. It was known that he 
was an alcoholic and that he sometimes 
drank while at work. He was seriously 
poisoned, but other men carrying out the 
same work in the same atmosphere were 
not affected. Needless to say, this man 
should have sought some other type of 
work or changed his drinking habits. 

One of my private patients drew attention 
to the importance of considering carbon 
tetrachloride in kidney disease. | was asked 
to see this man in consultation because of 
the onset of acute nephritic symptoms with- 
out apparent cause. This 60-year-old man 
had been at the peak of health until one 
winter day he noted swelling of his ankles. 
This finding led him to his physician, who 
on examination noted large amounts of 
albumin in the urine. A routine urine test 
made six months earlier had been normal. 
Detailed history revealed that he had cleaned 
a rug one Saturday afternoon four days be- 
fore in a small closed room with noninflam- 
mable liquid cleaning agent which proved 
to be carbon tetrachloride. He had been 
somewhat drowsy that night but had noted 
no other acute symptoms. Examination re- 
vealed ankle edema and 4+ urinary albumin, 
with rare blood cells in the sediment. The 
liver was normal to physical and laboratory 
examination, and the patient's renal lesion 
gradually cleared on medical therapy with 
no apparent residual. Such symptoms if less 
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marked, or if they occurred in a less ob- 
serving patient, might very well pass un- 
noticed. Why this substance attacks the 
kidneys and spares the liver in some per- 
sons, while in other persons the reverse is 
true, is not clearly known, although it has 
been hypothesized that the inhalation of 
fumes may direct larger concentrations of 
the substance to the kidney, whereas gastro- 
intestinal absorption may deliver larger quan- 
tities through the portal vein to the liver. 
This is a very appealing theory, but in 
practical application it does not always hold 
true. 

Another interesting group experiment was 
observed in England during the War, at 
which time an Air-Force squadron was about 
to move. The master sergeant noted a 5 gal. 
tin of carbon tetrachloride which he would 
be unable to transport. Consequently, he 
poured the substance into a large vessel 
and cleaned his clothes. He invited several 
of his friends to join in this bit of “spit 
and polish.” They hung their clothes in a 
Nissen hut adjoining an office in which the 
master sergeant and nine other men were 
working. The two Nissen huts were con- 
nected by an open passageway, and the 
men were equally exposed throughout the 
afternoon. That evening all 10 men demon- 
strated acute symptoms of narcosis, nausea, 
and general malaise. The master sergeant 
and two others were so severely affected that 
they were hospitalized. The two younger 
men recovered quickly and were discharged 
from the hospital after 48 hours without 
apparent residual. However, the master ser- 
geant, who was 47 years of age and a mod- 
erately heavy user of alcohol, suffered ex- 
treme poisoning, with jaundice, hemorrhagic 
phenomena, congestive heart failure, cardiac 
arrhythmia, and all conceivable complica- 
tions. He was finally able to return to work 
after about three months’ hospitalization. 


All the above cases were due to positive 
poisoning, with varying degrees of intensity. 
However, one must be alert to the possibility 
of a wrongly diagnosed poisoning and be 
aware of “confusion factors” when dealing 
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with liver disease. This type of situation 
can be illustrated by a woman referred to 
me with upper abdominal pain, jaundice, and 
a history of working in a cleaning establish- 
ment. She had previously been given a 
diagnosis of acute carbon tetrachloride poi- 
soning. However, a detailed history and 
investigation of the cleaning establishment 
revealed that clothing was not cleaned on 
the premises and that there had certainly 
been no adequate exposure to toxic fumes. 
Further examination revealed a gallstone in 
the common duct, which had produced inter- 
mittent block with pain and jaundice; fur- 
ther questioning revealed that the patient had 
previously been treated for upper abdominal 
colicky pain. | came to the then obvious 
conclusion that this woman’s illness was due 
to a preexisting gallstone and was not related 
to her occupation. 
Exposure may occur in persons working 
garages, where greasy parts are cleaned 
carbon tetrachloride, or in offices, where 
it is used to clean typewriters and other 
office equipment. Patients may be poisoned 
during the removal of adhesive tape from 
the skin, particularly if this is carried out 
in a prone position and the heavy vapor 
gravitates down toward the nose and mouth 
during the procedure of tape removal. It is 
sometimes used as a dry shampoo, Car- 
penters and woodworkers may use it in the 
process of killing worms in wood. Spot 
removers and rug-cleaning agents may be 
the source of poisoning in the home. There 
is hardly an occupation which is free from 
some exposure to carbon tetrachloride. 
Exposure to alcohol, phosphorus, trichlo- 
roethylene, tetrachloroethylene, chloronated 
insect sprays, and medication, such as phen- 
acemide (Phenurone) and chloroform cough 
mixture, may combine to produce an addi- 
tive or supplemental effect on the liver. 
In a simple arithmetic formula, one may 
consider one part of carbon tetrachloride and 
“X” parts of alcohol equal a quantity of 
1+"X” “liver poison.” Consequently the 
toxic effects of the two substances are added, 
and the total is greater than that of either 
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toxin taken individually. This supplemental 
effect should be considered in the employ- 


ment of workers exposed to hepatotoxins. It 
is obviously a very poor policy to employ 
a person who is a moderately heavy user of 
alcohol in any type of occupation in which 
he will be exposed to other hepatotoxins. 
From a medical standpoint, persons using 
hepatotoxic drugs, such as phenacemide, 
should not be exposed to other hepatotoxins 
during treatment. Likewise, persons who 
have suffered from liver disease as a result 
of virus or other infections should not be 
employed in industries where exposure to 
hepatotoxins is experienced. 

Studies indicate that something less than 
100 ppm is the maximum safe allowable con- 
centration of carbon tetrachloride vapor for 
workers on an eight-hour shift. But such 
persons could tolerate concentrations as high 
as 1000 to 2000 ppm over short periods of 
time, up to one-half hour. However, on the 
other hand, an occasional case of toxicity 
concentrations are 
more than 25 to 40 ppm. This variation 
of the degree of individual susceptibility 


may occur where not 


again depends upon supplemental hepato- 
toxins and other factors, such as diet and 
preexisting liver disease. Elkins? made a 
survey in which he carefully determined the 
concentration of vapor in the working atmos- 
phere and questioned workers regarding mild 
toxic symptoms. He found high instance 
of mild toxicity in persons exposed for 
eight hours to concentrations ranging from 
24 to 40 ppm. Such symptoms included 
nausea, belching, headache, and dizziness. 
He concluded that in order for workers to 
be at a maximum efficiency the concentration 
of carbon tetrachloride vapors should not 
exceed 25 to 50 ppm and that the optimum 
was 25 ppm. 

Massa- 
chusetts Industrial Accident Reports and 
pointed out that in 1935 twelve cases of 
poisoning out of the total of 311 industrial 
accidents due to harmful materials were due 
to carbon tetrachloride. These statistics take 
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into account only the cases of severe poison- 
ing, but still they represent a large per cent 
of industrial accidents due to harmful mate- 
rials during that year. 

Toxicity from oral consumption of carbon 
tetrachloride great individual 
variation. Four cubic centimeters is 
sidered a nontoxic dose in the treatment of 


also shows 


con- 


hookworm, but cases of death have been 
the 
treatment for hookworm with doses as small 


reported by Lamson‘ in course of 
as + ce. orally. Consumption of alcohol or 
fatty foods in conjunction with oral ingestion 
increases the toxicity of the drug, probably 
by enhancing the absorption. However, in 
a personal communication from Dr. John 
Griffiths, of the Canadian Army, I am as- 
sured that one of his patients took 40 cc. of 
pyrene (carbon tetrachloride) orally while 
“drunk” and suffered no more than a severe 
hangover the following day. 

Of greatest interest to me were two per- 
sons exposed to carbon tetrachloride and 
paradichlorobenzene (moth flakes) who sub- 
sequently developed cirrhosis. These two men 
were exposed in an equal degree to these 
substances, and the actual toxic effect was 
altered so that a more serious disease was 
produced by the combination than either sub- 
stance alone would induce. The patients were 
employed to clean out a small room in the 
rear of a theater in which a quart bottle of 
“Crane’s Insect Spray’ was spilled. The 
active ingredient of this substance is paradi- 
chlorobenzene. The spray was wiped up, but 
the odor was present in the room for several 
hours. In spite of the odor, the men felt no 
ill effects. 
afternoon about | qt. of carbon tetrachloride 


During the early part of the 
was spilled. This was wiped up, but more 
was spilled while a pyrene fire extinguisher 
was being filled. The room was about 10 by 
15 ft. 
The men worked in this room the remainder 


square and was without windows. 
of the day. Toward evening they began to 
feel sleepy and noted a loss of appetite, fol- 
lowed by nausea and vomiting. On the fol- 
lowing two days vomiting was frequent, and 
on the fourth day jaundice became apparent. 
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Each man’s symptoms were almost identical 
in character and in time of onset. One man 
was 55 and the other 60 years of age. On 
treatment their symptoms disappeared, and 
the jaundice faded. The table summarizes 
the laboratory findings. 

In spite of clinical improvement and fad- 
ing jaundice, both men commenced to de- 
velop clinical symptoms of cirrhosis. Further 
investigation revealed that paradichloro- 
benzene does produce liver damage in exper- 
imental animals and in extremely rare cases 
has caused liver damage in human beings. 


A . M . A . 


ARCHIVES OF INDUSTRIAL HEALTH 
for cataract formation. He incidentally noted 
that these women were jaundiced. This sub- 
stance is also a haloginated hydrocarbon and 
is distantly related to carbon tetrachloride. 
Sollmann ?° points out that oral administra- 
tion of paradichlorobenzene in dogs produces 
no toxic effects in doses as large as 1 gm. per 
kilogram of body weight. Flury and Zernik * 
state that the compound is practically with- 
out danger to man. Consequently, no poison 
or danger label is placed upon these prod- 
ucts. However, in “Occupation and Health: 
Encyclopaedia of Hygiene, Pathology, and 


Cirrhosis a Liver Due to Carbon Tetrachloride and Paradichlorobenzene * 


Mr. C.—Aged 55 Years 


Thymol Cephalin 


Tur- Floceu- 
Date LI. bidity lation 
6/15/51 15 1.9 
5/17/51 42 7 +++ Prothrombin, 75 
5/29/51 15 7 
6/ 5/51 Hippuric acid test, 
6/10/51 Clinical cirrhosis with edema and ascites 
6/12/51 11 5 0 Prot. 6.7 with A/G 
= 3.38/3.37 
7/16/51 9 3.5 
8/ 5/51 6 1.5 - A/G = 3.2/3.1+ 
Tot. Prot. 6:.3 
8/27/51 8 1 ~ 


Paracentesis on 6/16/51, on 7/4, 7/14, and 7/24, on 8/2, 
8/10, 8/18, and 8/26, on 9/8 and 9/23—none further 
Patient made slow recovery and returned to work 


Mr. H —Aged ¢ 64 Years 


Thymol Cephalin 

Floceu- 

LI. bidity lation 

5.5 at NPN, 36.7; prothrom- 
bin, 100 

Hippuric acid test, 0.15 


Clinical cirrhosis with edema and ascites 


25 3 +444 A/G = 2.5/3.6 = Tot. 
Prot. 6.1 


Paracentesis on 6/29/51, 


on 7/12 and 7/27, on 
8/10 and 8/28 
Patient transferred to another city—got about 
3 paracenteses/mo. in 1954 


Patient is almost bedfast invalid 


* 1. Both patients exposed to CCl« and paradichlorobenzene on May 8, 1951. 


2. Initial leueocytosis; blood otherwise norma! in both cases. 


3. Urine clear in both cases. 


Paradichlorobenzene is a relatively non- 
toxic substance and is rapidly replacing 
napthalene as a household moth flake. I 
was able to discover only two articles in 
the medical literature which reported serious 
toxic effects from paradichlorobenzene. An 
article by Berliner’ reported cataract and 
jaundice following prolonged exposure to 
paradichlorobenzene in two young women. 
Berliner was principally interested in the 
formation of cataracts, because paradichloro- 
benzene is a by-product in the manufacture 
of trinitrophenol and is chemically related 
to dinitrophenol, a substance which is noted 
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Social Welfare,” * a fatal case was reported 
in Germany in a chemical cleaning works. 
In referring back to my patients, it is 
obvious that they had sufficient carbon tetra- 
chloride to produce moderately severe poi- 
soning from which, in ordinary circum- 
stances, they would have recovered without 
demonstrable liver damage. However, with 
the addition of “nontoxic” paradichloro- 
benzene vapor, the clinical course of their 
carbon tetrachloride poisoning was altered, 
so that they each developed cirrhosis. Nei- 
ther of these men has died. The one I have 
personally followed is now sufficiently re- 


LIVER DISEASE CAUSED BY INDUSTRIAL POISONING 


covered to be able to return to work and 
is without ascites. The other subsequently 
left my care and has moved to a different 
city. He still has ascites and requires fre- 
quent paracentesis and is almost bedridden. 
Neither of my patients has developed cata- 
ract. 

This combination of chemicals (paradi- 
chlorobenzene and carbon tetrachloride), 
which produces cirrhosis, adds another 
known cause of cirrhosis of the liver. These 
two men were exposed to two substances, 
a combination of which did produce cirrhosis. 
However, one of the substances (paradi- 
chlorobenzene) was never known to have 
caused cirrhosis, and the other may produce 
cirrhosis only in rare cases. 


CONCLUSION 

I have pointed out that liver disease is 
a rare cause of industrial claim and that 
liver disease caused by industrial poisons 
represents approximately 2% of all indus- 
trial claims seen by internists. 

Such liver disease is usually secondary to 
exposure to some one of the various chlori- 
nated hydrocarbons, either individually or 
in combination. 

Some of my experiences with carbon tetra- 
chloride and paradichlorobenzene have been 
discussed; in these cases the combined ex- 
posure to these two drugs produced cirrhosis 
of the liver, in spite of the fact that such 
exposure to either one of these drugs indi- 
vidually should not have caused cirrhosis. 

Combinations of liver toxins produce sup- 
plemental or additive effects, which make 


certain persons more susceptible to liver 
poisoning and, consequently, they become 
added industrial risks. 
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CORRECTION 


In the Special Report, “Estimation of Loss of Visual Efficiency,’ by Edmund B. Spaeth, 
F. Bruce Fralick, and William F. Hughes Jr., in the October, 1955, issue of the ARCHIVES, an 
error in percentage calculation appears in Section V, page 439. The result of multiplying 
0.30 by 0.40 by 0.70 is 0.084, not 0.84 as stated in the text. The total visual efficiency of this eye 
is correctly given as 8.4%. 
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The Effect of the Calcium Chelate of Disodium Ethylenediamine-Tetraacetic Acid 


on Lead in the Blood and Urine of Battery Workers 


IRA A. MANVILLE, Ph.D., M.D. 
and 


ROBIN MOSER, Ph.D., Portland, Ore. 


One of us (I. A. M.) has long been inter- 
ested in the toxicity of lead for humans and 
in 1940 published a report on the value of 
fruit as a means of counteracting the toxic 
effects of lead.!| This interest was increased 
greatly in 1944, when duties as medical con- 
sultant in a battery plant brought occasional 
contact with cases of acute plumbism, which 
requires vigorous emergency treatment and 
hospitalization. The current methods of 
treating plumbism are basically those devel- 
oped from the researches of Aub and his 
associates (1925-1928). Very little has been 
accomplished since that time, either to 
shorten the period of treatment or to make it 
more effective. Much credit should be given, 
however, to improvements in plant sanita- 
tion and hygiene which have been made 
obligatory and enforced by the State Boards 
of Health through their Sections of Indus- 
trial Hygiene. 

With this background, it is not surprising 
that interest in lead poisoning was aroused 
again by a report in Science ? which described 
the use of edathamil calcium-disodium (cal- 
cium disodium salt of ethylenediamine-tetra- 
acetic acid [Calcium Disodium Versenate] ). 
Edathamil (ethylenediamine-tetraacetic acid 
[EDT A]) is a synthetic chelating agent used 
extensively for the control of cations in solu- 


Accepted for publication April 25, 1955. 

Read by invitation before the American Con- 
ference of Governmental Industrial Hygienists at 
the 17th Annual Meeting, in Buffalo, April 26, 
1955. 
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tion, particularly those of the divalent and 
trivalent types. 

When edathamil disodium is given intra- 
venously in extreme dosage, it lowers the 
blood calcium level sufficiently to produce 
hypocalcemic tetany. However, preformed 
edathamil calcium-disodium has no effect on 
calcium homeostasis and has been shown to 
be virtually nontoxic by all routes. Plumb * 
and his associates have shown that the cal- 
cium in this complex can be displaced by 
other metals, including lead. In June, 1952, 
Bessman, Ried, and Rubin * reported on the 
use of edathamil calcium-disodium in the 
treatment of lead encephalopathy. They 
felt that the therapy was effective but that 
more study was required. 


Sidbury, Bynum, 
and Fetz 


used edathamil calcium- 
disodium intravenously and orally in the 


have 


treatment of lead poisoning.* More recently, 
Cotter 7 used edathamil calcium-disodium in 
the treatment of lead poisoning among 
painters. In this study the chelating agent 
was administered orally. 

The intravenous use of edathamil calcium- 
disodium in the treatment of lead encephalo- 
pathy by Bessman and others® in June, 
1952, was the first reported clinical use of 
this material. There are only three reports 
prior to the present in which edathamil 
calcium-disodium has been administered 
orally clinically—the reports of Sidbury,® 
Cotter,’ and Bradley.* 


A gradual and cautious transition in the 
use of edathamil calcium-disodium from the 
intravenous to the oral route was a natural 
expectation. When used experimentally, it 
was given to animals intravenously, intra- 
peritoneally, and intramuscularly. It has 
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EFFECT OF Ca EDTA ON LEAD IN 

been shown that edathamil calcium-disodium 
dissociates at a low pH. For this reason, it 
was feared that when it was given orally it 
would dissociate in the stomach and proximal 
duodenum because of the low pH and that 
the calcium would be absorbed and the eda- 
thamil excreted. It might well be that, while 
edathamil calcium-disodium dissociates in the 
stomach because of the low pH, it recombines 
at the higher pH levels of the intestine. 
Sidbury’s experience demonstrates, however, 
that despite theoretical considerations orally 
administered edathamil calcium-disodium 
removes lead from the body via the urine. 
The present work confirms this point of view. 
In the intestine the preformed edathamil 
calcium-disodium will be presented with sev- 
eral courses to follow: It may preferentially 
release its calcium and combine with any lead 
in the ingesta; it may be absorbed and 
excreted by way of the urine; or it may be 
absorbed as such to act as a complexing agent 
in the blood stream and tissue fluids. It 
should be pointed out that lead in the intes- 
tine may come from three known sources: 
(1) as a contaminant of ingested food and 
fluids; (2) as a constituent of bile, and (3) 
as a constituent of upper gastrointestinal 
secretions.* The first represents lead that has 
never entered the metabolic pool; the second 
and third represent lead on its way out of the 


vody. Holm and associates '' and Blaxte 
body. Hel | tes |! 1 Blaxter 


and Cowie * have suggested that a secondary 
peak in the fecal excretion of lead may be 
attributed to the lead content of the bile. If 
this be true, fecal lead in its entirety cannot 


be regarded as representing lead that has 
never been absorbed. 

The present study deals with the threat of 
lead poisoning among battery workers and 
the means that may be employed to circum- 
vent this threat. Such workers are exposed 
to lead absorption through both the respira- 
tory and the digestive tracts and also, pos- 
sibly, to lead that may be absorbed through 
the skin. Hamilton and Hardy ™ state that, 
with the exception of tetraethyl lead, absorp- 
tion of lead through the skin is probably of 


* References 9 and 10. 


BLOOD 


AND URINE 


very slight importance. It is possible that 
lead pigments incorporated in oil or some 
lipid medium may pass through the skin. 
Hamilton and Hardy ™ cite an instance of 
lead poisoning derived from the use of theat- 
rical grease paint. Data regarding cutaneous 
absorption obtained in nonperspiring animals 
may not be strictly applicable to man." 
Shiels '* has shown that lead is excreted 
in the sweat and may, in some instances, 
equal that found in the urine. Cantarow and 
Trumper '° state that frequently cuts and 
abrasions on the hands of workers in hazard- 
ous industries cannot entirely be disregarded 
as portals of entry of lead into the body. 
Suction equipment, blowers, fume hoods, 
and similar apparatus, all calculated to reduce 
the hazard of lead 
installed. 


have been 
It is far from our intent to over- 
look the prime importance of the Industrial 
Hygiene Engineer and the prophylactic role 
he plays in installing protective devices for 
reducing the amount of lead in the dust and 
air. These safeguards should always be 
installed first, and such methods as_ those 
described in this paper used secondarily 
when, for some reason, the safety afforded 
by the Industrial Hygiene Engineer has been 


exposure, 


shown to be inadequate or, for some other 
reason, lead has occurred. 


sashour ‘* claims that in spite of the ade- 


intoxication 


quate medical safeguards, including ventila- 
tion, frequent medical check-ups, ete., lead 
intoxication is still prevalent, owing prob- 
ably to its cumulative effect, which explains 
the insidious development of the disease. 

In the plant employing the men upon 
whom these studies were made, lead poison- 
ing manifested itself with increasing fre- 
quency from the years 1943 to 1948. In 
1947 a peak was reached, and this was the 
year in which ventilators, hoods, fans, ete., 
were installed. Immediately, the incidence of 
lead poisoning fell to two cases per year, with 
the exception of 1949 and 1954 when there 
were none. 

In Table 1 may be seen a list of the men 
who were observed in this report, a brief 
description of their work, an arbitrary rating 
of their exposure to lead, and the amounts 
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TaBLe 1.—Exposure of Battery Workers to 
Lead Intoxication 


Mg. Pb/ Rating of 
Employee Operation Cu. M.* Exposure 
894 General 0.16 +44 
5153 Burning 0.15 +++ 
3177 Repair 0.05 + 
4933 Insulating 0.04 + 
3740 Pasting 1.06 
5205 Pasting 1.06 ++++ 
5383 Forming 0.05 
4599 Shipping 0.05 a 
2198 Casting 0.10 et 
3353 Assembly 0.10 
2071 Small-parts casting 0.16 +++ 
4901 Shipping 0.05 + 
4692 Janitor 0.16 +++ 


* An upper limit of safety of 0.15 mg. has been set 
by the American Conference of Governmental Industrial 
Hygienists. 


of lead found per cubic meter of air in their 
immediate environment. The sample of air 
was obtained with the use of a Model-F type 
of M. S. A. Electrostatic Sampler, and the 
method employed in determining lead was 
that described by Levine.*® 

Despite these improvements, manual han- 
dling of various battery parts, residual fumes, 
and dusts still makes it possible for toxic 
amounts of lead to accumulate in the body. 
Carelessness, failure to consume adequate 
amounts of milk, to scrub the teeth properly, 
to wash the face and hands before eating, 
to clean the fingernails, and to maintain 
normal bowel habit enhance the hazard. The 
practice of smoking cigarettes on the job 
increases the danger considerably. Rolling 
the cigarette about between dusty lips, lick- 
ing the lips, and handling the cigarette butt 
with dusty fingers increase the amount of 
lead ingested significantly. Inhaling the 
smoke adds to the intake of dust-laden air. 
We are convinced that among battery-plant 
workers more lead enters the body through 
the respiratory tract than through the diges- 
tive tract. Furthermore, lead is more readily 
absorbed through the respiratory tissues 
than through the intestinal mucosa. 


METHODS AND MATERIALS 
The major aim of this investigation was 
to determine the value of oral administra- 
tion of edathamil calcium-disodium. Would it 
be possible to promote lead elimination suf- 
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ficiently by means of such therapy that, 
despite daily exposure, lead in the body 
would be reduced significantly and a favor- 
able balance established between lead intake 
and lead output ? 

There were 12 patients in the study, all men. 
There was a history of previous episodes of acute 
plumbism in 3 of the 12 patients. 

In this study we have used tablets containing 250 
mg. of edathamil calcium-disodium.+ The dosage 
was on the basis of 60 mg. of edathamil calcium- 
disodium per kilogram of body weight per day.t 
The tablets were taken for the first five days of 


each week. For convenience, the daily intake was 
divided into four doses. 

On the week end prior to instituting the therapy, 
blood and 24-hour urine samples were collected. 
This was repeated once each week end during the 
test period and at the completion of the test. 


The urine was tested for porphyrin and lead. For 
the lead test, the dithizone method was used, after 
complete oxidation of organic matter. 


The blood was tested for hemoglobin content,§ red 
cells, stippled cells, and lead. 


Each man was weighed and was questioned 
closely concerning appetite, bowel activity, and 
fatigue symptoms. 


RESULTS 


Table 2 records the subjective symptoms 
following oral administration of edathamil 
calcium-disodium to battery workers. In this 
Table “less fatigue’ is considered synon- 
ymous with more strength, “pep,” and 
energy. 


Constipation, which is present character- 
istically in lead poisoning, was completely 
relieved in nearly all instances (90%) 
(Table 2). Appetite was greatly improved 
(80%) and might have been even better 
had all patients reported on this point. 
Fatigue was decreased appreciably. Three 
patients reported that they slept better. The . 
improvement in general state of well-being 
was marked. 


+ The tablets currently available are a more con- 
venient 500 mg. size. 

tOr 16 tablets per day for an average man. 
These contain a total of 433 mg. of calcium: 428 
mg. as edathamil calcium-disodium and 5.0 mg. as 
calcium stearate (lubricant). Neither of these is a 
source of available calcium. 

§ References 16 and 17. 
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TasLe 2.—Subjective Symptoms Following Oral Administration of Edathamil Calcium-Disodium 
to Battery Workers 


Employee 
3177E 87401 2198R 2071SL 4089D  4933H 3353S 3178Pa 5208K 4599Po0 4901W 8%B 
sa Better Better Better Better Better Bad Better Better Better Better Better 
N.R.+ Better Better N.R. N.R. Better Better Better Better Better Better 
i ee Less Less N.R. N.R Less More Less ss Less Less Less N.R. 
More More N.R. More N.R N.R. More More N.R. More More 
Strength......... N.R. Better Better N.R. N.R. N.RB. N.R. m N.R. N.R. N.R. N.R. 
General tone..... N.R. N.R. N.R. N.R. Same N.R. N.R. N.R. N.R. N.R. N.R. 
Sleeping.......... N.R N.R. N.R. N.R. N.R. N.R. N.R. _ N.R. Better Better N.R. 
* Dropped out. 
+ N.R., no report. 
TasL_e 3.—Effects of Edathamil Calcitum-Disodium on Lead in Blood and Urine of 
Battery Workers 
Group 1 
RBC, Urine Pb, Urine Pb, 
Employee Wk. Weight Million Hb. Stippling Porphyrin Blood Pb /Day + /Liter 
4089 Du 
Sept. 15 * 143.25 4.70 74 0.7 3+ 4 455 245 
Sept. 28 1 144.5 5.23 75 0.6 0 91 eae ae 
Oct. 5 2 143.75 4.22 75 Te 68 905 680 
3177 Es 
Sept. 15 188 89 0.2 2+ 116 220 185 
Sept. 28 1 188 5.31 87 0.0 0 73 640 780 
Oct. 5 2 184.75 5.24 85 0.1 0 74 160 340 
3740 Iq 
Sept. 15 Pe 144.5 5.01 73  B 3+ 171 570 300 
Sept. 28 1 144.25 4.66 71 04 3+ 128 785 1060 
Oct. 5 2 145.75 4.93 74 0.1 1+ 120 930 745 
2198 Ri 
Sept. 15 aa 153.75 5.15 7 0.1 1+ 74 165 155 
Sept. 28 1 151.25 5.16 87 0.2 4+ 116 Tao 1020 
Oct. 5 2 156.75 5.29 M 01 0 82 730 600 
2071 SI 
Sept. 15 = 144.5 8 82 1.0 24 75 310 325 
Sept. 28 1 145.75 5 79 01 2+ 114 450 400 
Oct. 5 2 148.75 74 0.1 1+ 65 170?* 340 


* ?, total volume questionable. 


Tables 3 and 4 provide data in detail for 
the blood and urine tests. Table 3 gives the 
data from Group | and includes figures prior 
to the experiment and at the end of each of 
of the two weeks of testing. Table 4 provides 
similar data for Group 2, except that a third 
week was added to the experimental period. 


COMMENT 


We have regarded 100y of lead per liter 
of urine as the upper iimit of normal. The 
New York Division of Industrial Hygiene 
uses the same standard. We have used 50y 
of lead per 100 cc. of blood as the upper 
limit for the average nonexposed person. 


The New York authority sets the same level 
at 70y per 100 cc. 

Table 3 shows that, according to our 
standard, satisfactory lead levels in the blood 
and urine had not been achieved at the end 
of two weeks of administration of the drug. 
A continuation of the therapy for a third 
week did not cause any appreciable decrease 
in urinary excretion, although there was a 
further decline in the blood lead level. 

Graphic and tabular summaries are pre- 
sented in the Chart and in Table 5. At the 
end of the first week, there was an average 
drop in the blood lead level of 10y. The 
end of the second week saw a slight increase, 
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A. M. 

but at the end of the third week there was 
a further drop of 10y. Only two patients 
showed sufficient drop in the blood lead level 
at the end of three weeks’ treatment to place 
them in a safe category. Three patients 
actually showed a greater blood lead level 
at the end of the experiment than they did 
at the start. Blood lead determinations 
showed an average drop of 20y in three 
weeks. Eight (73%) of the 11 patients 
showed a definite improvement, and 3 (27%) 
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especially from depots in bone, exceeded the 
removal. During the third week the nearly 
depleted soft tissue reserves suffered further 
losses despite certain additions from the 
daily ingesta and from the bones. It seems 
clear, however, that three weeks of therapy 
are insufficient to rid the body completely of 
lead reserves and, at the same time, elimin- 
ate the lead that is being added by daily 
exposure. A drop in blood lead from 90y 
to 7Oy in three weeks’ time may indicate 


GRAPHIC SUMMARY 
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were unimproved in this respect. The aver- 
age blood lead of 70.4y at the end of the 
three weeks’ treatment is still within the 
toxic range. 

The slight increase in blood lead at the 
end of the second week requires some ex- 
planation. The most likely seems to be that 
during the first week the lead in the soft 
tissues was being swept out at a rate faster 
than the accumulation from the daily ingesta 
and by mobilization from more stabilized 
reserves, such as bone. It is possible that 
during the second week these increments, 
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that, by increasing the period of therapy to 
six weeks, a further drop of 20y would bring 
the blood lead into a safe range. Extending 
the therapeutic period to longer periods, 
such as eight weeks, may still show that 
insufficient time has been allowed to rid the 
body of lead that has been accumulating 
for many months or even years. 

Rieders '* produced lead poisoning in rab- 
bits of unspecified age and weight by inject- 
ing intravenously 1 mg. of lead per kilogram 
of body weight per day for 21 days as 0.05% 
lead acetate in isotonic saline. For a 4 kg. 


EFFECT OF Ca EDTA ON LEAD IN BLOOD AND URINE 


TasLe 4.—Effects of Edathamil Calcium-Disodium on Lead in Blood and Urine of 
Battery Workers 


Urine Pb, Urine Pb, 
Employee yk. Weight Million 5 Stippling Porphyrin Blood Pb y/Day 7/ Liter 
4933 
Nov. 16 6.09 0.9 3+ 380?" 
Nov. wpeeles 6.02 0.6 3+ 
Nov. 
Dee. 6 5.06 
3353 S 
Nov. 
Nov. 23 
Nov. 4 
Dee. 


400 


460 


3178 Pa 
Nov. 
Nov. 2: 
Nov. 
Dee. 
5208 K 
Nov. 
Nov. 2: 
Nov. 
Dec. 
4599 Po 
Nov. 
seen 
0 
seen 
4901 W 
Nov. 16 3: 3.15 86 seen 
Nov. 23 5 
Nov. : 
Dee. 
B 
Nov. 16 5.51 
Nov. 2: 5.29 
Nov. : 2 5.49 
Dec. 6 92.5 6.09 


?, total volume questionable. 


Tasie 5.—Summary of Effects of Edathamil Calctum-Disodium on Lead in Blood and Urine of 
Battery Workers (Average Values) 


RBC, Urine Pb, Urine Pb, 
Weight Million : Stippling Porphyrin Blood Pb 7/Day 7/ Liter 


160.125 5. 81.6 0.55 2.334 90.66 282 
0.34 1.424 
0.29 + 
0 


Out of 11 
3 = 27% 
7 = 68% 


1= 10% 


rabbit, this would amount to 84 mg. To lead were made. No attempt was made to 
one-half of the poisoned animals, Rieders account for the fecal lead. Presumably it 
gave 250 mg. of edathamil calcium-disodium came from lead in the food and drink and 
for 14 days. During the five-week period, the lead excreted into the intestine by the 
daily determinations of urinary and fecal bile and upper intestine.'® During the life- 
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Group 2 
| 
1+ 6 90 60 
595 660 
24+ 80 2307 160 
3+ 52 225 150 
3+ 71 470 340 
111 
1+ 53 170 90 
0 63 535 280 
0 46 260 135 
0 20 To) 395 
- 3+ . 82 135 100 
0 57 430 300 
0 109 125 70 
0 40 aD 300 
3+ SY 280 175 
0 43 DOD 310 
2+ 80 300 P85 
0 535 51S 
208 
: ‘ 575.5 
414 
Gaihed.......... T= G% 3= 27% 6 = 4% 
F Cleared......... 2= 18% 6 = 66%4% 8 = 73% 


A, M. 


time of the animals, any lead absorbed from 
the intestine and not excreted in the urine 
and feces would be deposited in the tissues. 
To this is added the lead given intravenously. 
Rieders** and Kehoe intimate that the 
increase in urinary lead following the ad- 
ministration of edathamil calcium-disodium 
is due to the increased absorption of lead 
from the intestine in the form of the chelate 
and its excretion in the urine and that the 
total lead excreted in the urine and feces, 
in contrast to that remaining in the tissues, 
did not differ significantly from the lead 
values found in the untreated group, thus 
nullifying any beneficial value of the eda- 
thamil calcium-disodium. Such a conclusion 
does not seem to be justified in view of the 
fact that blood lead values were not deter- 
mined which would provide data upon which 
some idea could be formed relative to the 
lead values of this transporting medium— 
whether they were being raised, lowered, or 
merely maintained. Furthermore, no distinc- 
tion was made between fecal lead as excreted 
into the upper intestine and lead that had 
never been in the blood stream. 

Our men excreted an average of 1.974 mg. 
of lead per week before treatment and 3.6 mg. 
after treatment, an increase of 82%. Sid- 
bury and Bradley* have reported even 
greater increases. These values, though small, 
should not be regarded as insignificant in 
their relationship to any possible tissue 
reserves. In fact, they should be looked upon 
as important, since they bring about de- 
creasing blood values. 

Changes in weight were not marked, in 
fact hardly more than might be accounted 
for by normal daily variations. One objec- 
tion that has been proposed to the long-time 
administration of a chelating agent such as 
edathamil calcium-disodium is the chance 
of its combining with such trace elements 
as iron, copper, magnesium, and cobalt and, 
by eliminating these from the body, produce 
anemia and vague abnormalities in the hor- 
mone and enzyme systems resulting in nu- 
tritive failure.|| The data in Table 5 and 


|| References 20 to 22. 
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in the Chart do not show any diminution in 
red cells but do show a gain in hemoglobin. 
It has been shown by others { that iron as 
iron edathamil. is as available to the human 
as ferrous sulfate, that cobalt edathamil is 
used as an oral source of cobalt in the human, 
and that copper edathamil is as effective a 
source of copper for dogs on a _ copper- 
deficient diet as oral copper sulfate. 


The average initial hemoglobin of 81.6% 
(12.65 gm.) was raised to 87.2% (13.52 
gm.), or 6.8%. The initial hemoglobin values 
ranged from 11.47 gm. to 13.8 gm., with 
an average of 12.65 gm. At the end of three 
weeks, these same values had increased to 
an average of 13.58 gm. and a range of 
12.25 gm. to 14.73 gm. Bashour ** found a 
moderate degree of anemia in 49 men ex- 
posed to lead whose hemoglobin averaged 
13.66 gm. Our findings were lower than 
these. 


Loss of weight of sufficient degree to in- 
dicate definite nutritive failure was not ob- 
served. In fact, the great improvement in 
subjective symptoms would seem to indicate 
the opposite. 


Figueroa and associates # showed that 
there was some increase in iron excretion 
when edathamil calcium-disodium was given 
intravenously to patients with hemochro- 
matosis but that there was no increase in 
urinary output when it was administered 
orally. In contrast, patients who did not have 
abnormal deposits of iron did not show a 
significant increase in iron excretion, even 
when edathamil calcium-disodium was given 
intravenously. Wishinsky and his associates”? 
showed that the intravenous administration 
of edathamil calcium-disodium over a period 
of five days to a patient with hemochromato- 
sis removed 3.75 mg. of iron. They con- 
sidered this of little practical clinical signif- 
icance, since the withdrawal of only 100 cc. 


{ Rubin, M.: Personal communication to the 
authors. 

# Figueroa, W. G.; Adams, W. S.; Rosove, L.: 
Davis, F., and Bassett, F. H.: A Study on the 
Effect of Calcium Disodium Versenate on tron 
Excretion in Man, read before the Western Society 
for Clinical Research, Jan. 29-30, 1954. 
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of blood removed 50 mg. of iron. Child *° 
showed that edathamil did not exert a sig- 
nificant effect upon the stimulating effect 
of cobalt upon hemopoiesis. 

Cotter’ reported studies of the blood 
chemistry of 26 patients suffering from lead 
poisoning. Determinations of copper, sodium, 
calcium, magnesium, and phosphorus were 
made before and one week after treatment 
with edathamil calcium-disodium. Cotter 
states that at no time was the copper, sodium, 
calcium, or magnesium seriously disturbed 
and that two patients showed a rise in total 
serum inorganic phosphate. In our series, 
failure to lose weight, erythrocyte counts 
well within normal range, and an increase 
in hemoglobin levels are interpreted to in- 
dicate that no metabolic disturbance due 
to excessive removal of trace elements has 
revealed itself as the result of three weeks’ 
treatment. It is possible that a three weeks’ 
period of therapy is too short to decide this 
point clearly. As a precautionary measure, 
the administration of potent sources of vita- 
mins and minerals for two days each week 
might eliminate this objection satisfactorily 
until, during longer periods of observation, it 
can be shown that the edathamil calcium- 
disodium does not withdraw trace elements 
from the body with danger of ultimate harm. 


Results with the stippled cells and the 
urinary porphyrin are not so equivocal. Both 
these factors show the toxic effect of lead. 
The number of stippled cells showed a steady 
decline, but they had not completely disap- 
peared in all cases at the end of three weeks. 
There was complete disappearance of stip- 
pled cells in eight (72%) of the patients; 
in one instance there was no change, and in 
one the stippling increased. This latter (Case 
4089) still showed porphyrinuria, although 
it had decreased in severity. It may be that 
the mobilization of lead into the circulating 
tissues in large amounts still exerts a toxic 
effect on red cell development. However, 
it is believed that chelated lead is nonionized 
and therefore has no toxic effect. This would 
seem to be true, inasmuch as no anorexia, 
colic, constipation, or other obvious signs 
of lead poisoning were observed. It is in- 
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teresting to note that, while two weeks did 
not allow enough time for disappearance 
of the porphyrinuria, three weeks’ treatment 
saw all cases freed of porphyrin. Copro- 
porphyrin is not derived from red cell de- 
struction, because lowering of hemoglobin 
does not coincide with the increase in por- 
phyrinuria. It results from the effect of lead 
on its synthesis. 

While three weeks’ treatment was suf- 
ficient to show a steady decline in the amount 
of lead in the blood, this was not true for 
lead in the urine. During the first week of 
treatment, lead diminished in the blood and 
increased in the urine. This was not true 
for the second week. Here, as already men- 
tioned, the amount of lead in the blood in- 
creased slightly, but urinary excretion fell 
off. In the third week there was a further 
loss of lead from the blood and a corre- 
sponding increase in urinary output. The 
over-all picture for the three weeks’ period 
showed a good drop in the blood lead level 
and a continuing high excretion of lead in 
the urine. In three weeks this latter showed 
no definite tendency to slacken off. While 
the toxic effects of lead on the body had 
cleared almost entirely in three weeks, there 
was not sufficient time for the lead accumula- 
tions to have been eliminated entirely. Since 
under the conditions of the experiment there 
was continuing exposure to lead absorption, 
it would be better to speak of minimal blood 
and urine levels representing a dynamic 
equilibrium between absorption and excre- 
tion rather than of complete elimination. 

Blaxter and Cowie ® injected intravenously 
10 to 400 mg. of lead into sheep and found 
that only 5% to 8% of the amount injected 
was excreted in the urine and feces during 
the following five days. Of the lead excreted, 
68.8% to 83.2% was excreted in the feces. 
Of the lead excreted in the feces, biliary 
excretion accounted for as much as 96%, 
while fecal lead never exceeded 16%. Rie- 
ders*® reported that after intravenous in- 
jections of lead into rabbits and the oral 
administration of edathamil calcium-disodium 
the excretion of lead shifted significantly 
from the feces to the urine. Cantarow and 
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Trumper '” state that 84% of lead ingested 
is excreted in the feces unabsorbed. The 
oral administration of edathamil calcium- 
disodium seems to promote not only the ab- 
sorption of lead from the intestine which 
had never entered the blood stream but also 
the reabsorption of lead from the intestine 
which had gained access to it through the 
bile and other secretions. It would seem that 
any lead remaining in the feces of animals 
or humans exposed to lead poisoning to 
whom edathamil calcium-disodium has been 
given orally represents lead in excess of that 
combining with the chelate or lead in such 
a firm complex with other materials that 
it is not capable of combining with the 
chelate. It would appear that questions of 
this sort need further elucidation. The lead 
that has gained access to the blood stream is 
the lead that produces body injury, and, 
under the conditions of the experiments re- 
ported here, the lead in the urine is the 
major portion being eliminated from the 
body. The authors, therefore, agree with 
Cantarow and Trumper *° in their statement 
that “the determination of the quantity (of 
lead) excreted in the feces is of little prac- 
tical value.” 


An experiment of longer duration will 
draw a sharper focus on some of the points 
already discussed. For example, if a short- 
term administration of edathamil calcium- 
disodium for three weeks has produced no 
evidence of depletion of certain elements to 
the point of metabolic disturbance, might 
not longer periods of administration produce 
such a result? While the evidence we have 
presented does not favor the view that “trace 
metals may be made complex and result in 
damage to enzyme systems,” ** we advocate, 
and have followed, the intermittent treat- 
ment proposed by these authors and also 
by Rubin.* In the future, our experiments 
will not only have a therapeutic holiday of 
two days each week but, during these two 
days, a formula rich in minerals and 
vitamins will be administered. Holm and 


* Rubin, M.: Personal communication to the 
authors. 
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associates '' favor intermittent dosage be- 
cause of the time allowed for redistribution 
to occur between bone and soft tissue and, 
there may be added, for restoration of trace 
elements. Until future work shows this to 
be an unnecessary precaution because of the 
mixed diet being consumed, it may be ad- 
visable to use this procedure. 


SUMMARY AND CONCLUSIONS 


Edathamil calcium-disodium (Calcium Di- 
sodium Versenate) in tablet form (250 mg. 
or 500 mg. per tablet) was given to two 
groups of battery-plant workers, five men 
in one group and seven in the other, over 
a period of two and three weeks. The eda- 
thamil calcium-disodium was given on the 
basis of 60 mg. per kilogram of body weight 
per day in divided doses for the first five 
days of each week. Physical examination and 
blood and urine chemistry studies were done 
at the start of the experiment and at the 
end of each week. 

Subjective symptoms of constipation, 
anorexia, and early fatigability cleared rapidly 
and, in most cases, were relieved completely. 

The amount of lead in the blood showed 
a steady decline, but in only two instances 
did it reach normal levels. The actual de- 
crease was from an average of 90.6y to 
70.4y per 100 cc. Body weight and red cell 
count were unaffected. Hemoglobin showed 
a slight but definite increase, from 81.6% 
to 87.2% (12.65 to 13.52 gm., or 7%). 
Porphyrinuria cleared entirely in three weeks, 
while stippling of red cells diminished from 
an average of 0.55% to 0.18%. Total lead in 
urine showed an average increase by the end 
of the first week from 280y to 560y per day 
and at the end of the third week to 690y. 
Urine lead was increased from an average 
of 210y to 430y per liter. 

Enough edathamil calcium-disodium is 
absorbed from the intestinal tract to cause 
a lowering of blood lead in three weeks and 
a decided increase in urinary lead, with no 
sign of any deleterious effect to the patients. 
Three weeks is insufficient time for edathamil 
calcium-disodium, as administered, to elimin- 
ate enough lead so that, with a continual 
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absorption of lead, a dynamic equilibrium— 
a stabilized, minimal blood and urine level 
below toxic limits—can be established. Until 
future work proves this to be unnecessary, 
it is recommended that edathamil calcium- 
disodium be given intermittently by mouth, 
along with a potent vitamin and mineral 
formula, administered during intervals in 
treatment. 
ADDENDUM 
PATIENT WitH ACUTE PLUMBISM TREATED WITH 
INTRAVENOUSLY ADMINISTERED EDATHAMIL 
CaLciuM-DrsopiuM 


J. R. R., a 25-year-old male battery-plant worker, 
had been employed at the plant for two months 
before he was first seen. The Industrial Hygiene 
Engineer reported that he was very dirty and care- 
less in the conduct of his work. We were warned 
to expect trouble. When first seen, he complained oi 
abdominal cramps and generalized aching in the 
right shoulder, elbow, and knees. The patient was 
constipated but had no lead line, abdominal guard- 
ing, or vomiting. The laboratory report showed 
blood pressure, 128/70; pulse rate, 72; respirations, 
18; hemoglobin, 11.8 gm.; red cells, 4,700,000; 
white cells, 8440; stippling, 1%; the urine con- 
tained 1+ albumin and 4+ porphyrin. Over a 
period of 10 days the patient was given calcium 
gluconate and, upon one occasion, atropine, with 
little relief. At this time he was hospitalized, and 
1 ce. of a 20% solution of edathamil calcium- 
disodium (Calcium Disodium Versenate) added to 


250 cc. of 5% dextrose in isotonic saline was given 
intravenously; six hours later, 4 cc. of the same 
preparation was added to 750 cc. of saline and 
dextrose was given in a similar manner. The next 
day, 5 cc. of edathamil calcium-disodium in 1 liter 


of dextrose in saline was given in the morning, and 
this was repeated seven hours later. The following 
day, 5 cc. of the versenate was given again. Cramp- 
ing and vomiting continued for the first two days 
of treatment but became milder on the third day: 
on the fourth day the patient was discharged, feel- 
ing well, entirely free of cramps, and eating well. 
It was not until the third day that he had a bowel 
movement. On the second day of treatment, a 24- 
hour urine specimen was collected, and this and a 
sample of blood were analyzed for lead. The blood 
showed 1107 of lead per 100 cc., and the urine, 12y 
per liter. The latter result was astounding, because 
we had expected a huge increase in the urinary 
output of lead. After two analyses with negative 
results, we concluded that the lead was being 
eliminated in the urine in such firm combination 
with the edathamil calcium-disodium that the method 
used, i. e., that of Cholak, Hubbard, and Burkey,?4 
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was incapable of breaking it down. Therefore, we 
destroyed the organic matter by oxidation with 
nitric-sulfuric-perchloric acid wet ashing and then 
were able to recover the lead quantitatively by the 
usual colorimetric method. Since this experience 
preceded our experiments reported above, we were 
able to profit by it and had no further technical 
trouble. 


Supplies of the Calcium Disodium Versenate tab- 
lets were provided by Dr. Norma W. Karr and 
Dr. Lewis Mann, of the Riker Laboratories. Con- 
structive criticisms and helpful advice were offered 
by Dr. Martin Rubin, of Georgetown University; 
Dr. F. C. Bersworth, of the Bersworth Chemical 
Company; Mr. Ralph O. Blair, Manager of the 
local battery plant; Dr. Harold M. Erickson, State 
Health Officer, and Dr. Ralph R. Sullivan, Director 
of the Section of Industrial Hygiene of the State 
Health Office. 
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News and Comment 


ANNOUNCEMENTS 


A. M. A. Annual Meeting, Chicago, June 11-15, 1956.—The 105th Annual Meeting 
of the American Medical Association will be held in Chicago, June 11-15, 1956, with a full 
program of lectures, television, motion pictures, and scientific exhibits. 

The lecture program for each Section is prepared by the Section Secretary, and prospective 
participants should communicate as soon as possible with the Secretary of the Section before 
which they hope to read a paper. Application blanks for space in the Scientific Exhibit are now 
available and may be obtained from the Section Representative to the Scientific Exhibit. 
Section on Preventive and Industrial Medicine and Public Health 

Secretary: Frank Princi, M.D., University of Cincinnati College of Medicine, Cincinnati 19. 

Exhibit Representative: Paul A. Davis, M.D., 633 E. Market St., Akron 4, Ohio. 


Additional information may be obtained from the Secretary, Council on Scientific Assembly, 
American Medical Association, 535 N. Dearborn St., Chicago 10. 


CORRECTION 


In the article “Radiation Cataract in Industry,” by G. F. Keatinge, J. Pearson, J. P. Simons, 
and E. E. White, in the April, 1955, issue of the ARCHIVES, + was inserted in the second formula 
on page 310 in place of w. This formula should read: 


(cal/sq. cm/sec) = 


1d? 


where d is the perpendicular distance from the eye of the operator to the source, A is the pro- 
jected area of the source, ¢ is Stefan’s constant, and 7 is the absolute temperature. 
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Health Survey ina 
British Guiana 


EILEEN N. CAMBON, M.D., C.M. 
and 


KENNETH G. CAMBON, M.D., C.M., London 


The following is a report on complete 
physical examinations done on 1730 native 
employees of a large bauxite mining and 
milling company in British Guiana. All em- 
ployees were examined regardless of status 
or length of service. The employees were 
largely of African origin, with a small num- 
ber of East Indians, Portugese, and mixed 
races. 


British Guiana lies close to the equator, 
and this particular bauxite concession is quite 
literally carved out of the jungle. The average 
temperature is 80 F, and the annual rainfall 
is in the neighborhood of 100 in. 


The vast majority of the population of 
British Guiana live on the coastland, where 
irrigation and sea-control projects originally 
built by the Dutch permit sugar and rice 
cultivation on a large scale. With the excep- 
tion of the lumber and bauxite industries and 
minor gold and diamond workings, compara- 
tively little has been done to develop the 
interior. 

Prior to the advent of D. D. T., the country 
was plagued with malaria, which had a mor- 
bidity of 94.5 per 1000 and a mortality rate 
of 1.28 in 1943.! Corresponding rates for 
1952 are 0.4 and 0.04, respectively.'| This 
has resulted in a sharp decline in the crude 
death rate and infant mortality rate and a 
corresponding increase in the live birth rate. 


Submitted for publication March 19, 1955. 
Medical Officers, 
Guiana. 


Mackenzie Hospital, British 


— 


ining Community 


This, in turn, has posed serious economic 
and social problems, increasing unemploy- 
ment and land hunger in a country that is 
land-rich, and has made the development of 
the interior an urgent necessity. It seems 
ironical that the eradication of malaria has 
been, in turn, the cause of this situation. 

This survey is not necessarily an accurate 
guide to the general health of the country for 
three reasons: 

1. Most of the employees had some sort of 
medical examination prior to having been 
taken on strength, and this survev does not 
include rejectees. 

2. The standard of living of the employees 
is better than it is in any other part of the 
colony. 

3. Well over 90% of the employees are 
African, whereas a preponderant majority of 
the population of British Guiana is East 
Indian (1946 census—African, 38.17% ; East 
Indian, 43.51%).* 

However, an effort will be made to insert 
figures where possible to help give the over- 
all picture of the colony. 

Blood smears for microfilariae were not 
taken on this examination, as it was not pos- 
sible to have everyone attend at night. How- 
ever, a rough idea of the incidence of micro- 
filariae in the blood can be obtained from 
available hospital figures. 

A routine evening blood smear is done on 
all admissions to hospital. Of 1466 smears 
done in 1953, microfilariae were present in 
186, an incidence of 7.9%. Only one case of 
malaria was discovered in 1953 (1860 blood 
smears). 

Hookworm and roundworm are very ex- 
tensive in this district. In 1975 routine stool 
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tests done in the same year, the following 
varieties of ova and larvae were found: 


Per Cent 
16.05 
32.46 

1.92 
1.47 
3.01 


Ancylostoma duodenale 
Ascaris lumbricoides 
Trichuris trichiura 
Trichomonas hominis 


Enterobius vermicularis 61 


In view of this, all employees were given 
an antihelminthic at the time of examination. 
No follow-up was done to determine the 
efficacy of this antihelminthic. 


RESULTS OF PHYSICAL EXAMINATIONS 


Following are lists of the actual medical 
defects that were discovered. 

1. Visual Acuity—Visual acuity was 
tested by Snellen charts under standard 
illumination. There were 65 employees who 
showed a myopia greater than 20/30 reading 
with both eyes (an incidence of 3.5%). This 
figure appears to be very small in comparison 
with similar tests taken in Canada. Only 30 
were discovered to be color-blind, by use of 
the standard pseudoisochromatic plates (an 
incidence of 1.73%). Once again, this figure 
appears to be remarkably small. 

2. Diseases of Chest—All_ employees 
underwent fluoroscopy of the chest, and in 
any suspicious cases a 6 ft. roentgenogram 
was taken. There were 47 cases (2.7%) in 
which lung lesions were discovered, ranging 
in severity from 1 case of massive tubercu- 
losis involvement to relatively minor abnor- 
malities, such as Gohn lesions. There were 
149 (8.8%) cases of cardiac enlargement as- 
sociated with hypertension. 

It was difficult to devise a reliable and prac- 
tical system of determining cardiac size. This 
problem was accentuated by the fact that 
young healthy Negroes appear to have larger 
hearts than a similar group of Caucasians. 

Thus, no hard and fixed index of enlarge- 
ment was used. Obvious enlargement was 
listed as such; on the other hand, slight 
degrees of enlargement were ignored if no 
etiologic factor could be found (e. g., hyper- 
tension). 
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There were 20 cases of aortic aneurysms 
(1.16% ), all syphilitic in origin. All of these 
were in men over 40 years of age. One case 
of dextrocardia was discovered. 

3. Other Cardiac Lesions —There were 21 
employees who had clinical abnormalities, 
such as murmurs, ectopic beats, or other 
arrhythmias, but did not have any demon- 
strable cardiac enlargement; only 7 were 
considered to have serious enough abnormal- 
ities to alter their medical ratings. 

4. Hernia.— There were 37 hernias 
(2.14%) discovered. This does not give an 
index of the incidence of hernia here, as one 
of the standard rules governing employment 
medical examinations is that no man with 
hernia can be employed. However, there were 
78 employees with scars of former hernia 
operations, giving a total of 115 who had, at 
one time or another, had a hernia (an inci- 
dence of 6.6%). All of these were inguinal 
hernias, and, again, the large bulk of these 
were associated with signs of filariasis. 

Only seven umbilical hernias were discov- 
ered in this group. Yet among the infants and 
children at the company clinic this is an 
almost universal finding. The small to mod- 
erate ones disappear spontaneously in early 
childhood, and the larger ones respond to 
strapping. 

No femoral hernias were found. 

5. Hydrocele-—There were 93  hydro- 
celes (5.5%) discovered, ranging from the 
size of a volleyball to very moderate enlarge- 
ments. Almost all of these were accompanied 
by filariasis, which might be an _ etiologic 
factor. 

6. Dental Caries——Dental caries were 
found in more than 95% of all employees. 
Most of these were completely carious molars, 
with nothing but a shell of a crown left. How 
much of this has been caused by poor diet or 
lack of dental hygiene is difficult to assess. 


7. ENT Pathology.—Pathology of the ear, 
nose, and throat was negligible. Almost 10% 
of the employees had sufficient cerumen to 
warrant syringing their ear canals, but en- 
larged tonsils, ruptured eardrums, and evi- 
dence of otitis media were all rarities. 
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HEALTH SURVEY IN BRITISH GUIANA 


Taste 1.—Blood Pressure Readings 


140 or 140 to 

Below/89 180/89 

Age Group, Yr. 
76 

OF 

41 

5 


Totals 5 216 


8. Blood Pressure —Blood pressure read- 
ings were much higher than one would expect 
in a comparable group up North. Especially 
remarkable is the fact that in the age group 
of 16 to 29 years more than 9.0% had a 
diastolic pressure of over 90. In the 30 to 44 
age group this rose to 23.2%, while in the 45 
to 54 age group 36.2% had a diastolic pres- 
sure of over 90. 

Almost no cases of hypertension were 
found in East Indian or Amerindian em- 
ployees. In all cases of hypertension, the 
blood pressure was checked in each arm and 
rechecked several weeks later. Although it is 
outside the scope of this paper, it may be 
mentioned that, contrary to what might be 
expected, the younger group did not respond 
well to treatment (salt-free diet and barbi- 
turates ), whereas the older group did. 

9. Hemoglobin. — Hemoglobin readings 
were much higher than was expected. This 
was the first time here that the Hgb. values 
of a group of supposedly healthy men had 
been determined. At the Maternal and Well- 
Woman Clinic in the community it is a rare 
thing to find a woman with a hemoglobin 
value over 60% (8.70 gm.), the average being 
in the neighborhood of 54% (7.83 gm.). In 
the native stenographers working at the plant 
office, the average was 64% (9.28 gm.), 
while among the native nurses the average 
was 76% (11.08 gm.) (Table 2). 

It is suggested that these differences re- 
flect the value of health education in the pre- 
vention of hookworm infestation and choice 
of nutritious diets. 

10. Routine Urinalysis—In cases 
(3.64%) albumin was discovered in the 
urine, and almost invariably this was asso- 
ciated with hypertension. In these cases 


Systolic Pressure/Diastolie Pressure 


180+/89 140 to 180 
or Below or Below or Below 9 to 100 


140 to 180+-/ 
180/1004+ 9 to 100 


180+-/ 
100+ 
1 55 
141 
53 
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microscopic examinations 
search of casts. 


were 


Nine cases of diabetes were 
discovered, of which four cases were already 
under treatment. 


11. Sugar. 


Diabetes is particularly hard to control in 
this area, as the local diet is made up chiefly 
of carbohydrates and it is beyond the eco- 
nomic reach of the average person to buy 
high-protein foods. 

12. Gonorrhea—There were 251 cases 
where shreds were noticed in the urine (an 
incidence of 13.9%). In all these cases pros- 
tatic smears were done, and invariably the 
man was found to be suffering from Neis- 
serian prostatitis. 

However, this must not be construed as an 
index of the incidence of gonorrhea, as pre- 
sumably many who did not have shreds in 
the urine might still have had the disease. 

Gonorrhea is very common here, and it is 
impossible to estimate the exact incidence. 
Because of different moral standards control 
measures are difficult to enforce. Further- 
more, the lack of early adequate treatment 
has made chronic prostatitis and pelvic in- 
flammatory disease endemic. These respond 
very poorly to penicillin and provide a res- 
ervoir of infection that tends to nullify all 
efforts at control. 


2.—Hemoglobin Readings 


Hemoglobin Readings 
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55 to 65. . 41 ; 
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13. Syphilis—There were 150 positive 
cases (Kahn tests were positive), an inci- 
dence of 8.8%. As mentioned previously, 
there were 20 employees with aortic aneu- 
rysms. No cases of central nervous system 
or cord involvement were discovered. No 
primary or secondary cases were found. 

After being examined, all employees were 
inoculated with T. A. B. Typhoid fever is 
not a problem in this community any longer, 
owing to the installment of a pure water 
supply and improved sanitation. However, 
regularly, cases are brought into hospital 
from the surrounding districts. Last year 
there were 88 admissions to hospital of enteric 
fever. 

COMMENT 


This study of 1730 employees of a bauxite 
mining and milling community in the interior 
of British Guiana reveals that, in general, 
their health is good. The largest public-health 
problems are venereal disease, nutrition, and 
personal hygiene in the prevention of helmin- 
thic infestation. 

Venereal disease constitutes a real chal- 
lenge in this area. Despite the high morbidity 
very few people have anything but a rudi- 
mentary understanding of the real cost to the 
community. An article in the local newspaper 
by one of us, explaining in general terms just 
how big a problem venereal disease is in the 
locality, met with a decidedly cool reception. 
Moreover, new cases are extremely reluctant 
to give names and addresses of contacts or to 
have their marital partners checked. 


It is suggested that the best place to begin 
an organized campaign would be in the 
schools, so that at least the future generation 
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might benefit. Certainly, the present system 
of merely treating those who present them- 
selves with complaints cannot hope to pro- 
duce any real change. 

Nutrition here cannot be improved until 
there is an over-all change in the colony’s 
agricultural policy. There is a chronic short- 
age of meat, fish, and green vegetables. Much 
of the colony’s food is imported, and this in- 
cludes English potatoes despite the fact that 
rice can be grown on a fairly large scale. 

The high incidence of helminthic infesta- 
tion is a reflection on the low standards of 
sanitation. The present system of septic tanks 
was built to accommodate the needs of a much 
smaller community. The acute housing short- 
age in the colony has led many workers to 
share their dwellings with relatives. This has 
contributed to further congestion here, with 
an added strain on already inadequate sani- 
tation facilities. 


The high blood pressure readings and en- 
larged hearts leave room for much specula- 
tion. It is tempting to ascribe the high inci- 
dence of hypertension to the increasing com- 
plexities and strains brought to these people 
by industrial life. Certainly the whole prob- 
lem bears further investigation. 


Advice and criticism in the preparation of this 
article were rendered by Drs. C. F. Roza and 
B. B. G. Nehaul, of British Guiana, and Dr. A. P. 
Hayward, of Montreal, Canada. The Demerara 
Bauxite Company, Limited, granted permission 
to publish this article. 
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Abstracts from Current Literature 
EpITED BY Dr. CHRISTOPHER H. Woop 


General 


INDUSTRIAL INJURIES UNDER THE NATIONAL INSURANCE SCHEME IN GREAT BRITAIN. A. 
Massey, Am. J. Pub. Health 45:347-353 (March) 1955. 


The National Insurance (Industrial Injuries) Act superseded the Workmen’s Compensation 
Act in Britain in 1948. Under the new Act, compensation is paid in respect of loss of physical 
or mental faculty and not for loss of earning power as under the old Act. “A beneficiary may 
therefore earn as much or even more than he did before his injury, and there is no financial 
incentive for him to refrain from working to full capacity after his injury. Under the old 
scheme, compensation was commonly the subject of litigation; today it is administered as a 
social service. Contributions are made up of weekly payments from employer (6 cents) and 
employee (5 cents) and from a government contribution equal to one-fifth of these combined 
payments. In 1952-1953 the total income of the fund was approximately $120,000,000, and the 
total outgo amounted to $75,000,000. There are three types of benefit, payable in respect of injury, 
disability, and death. Additions are paid for children or a dependent adult, and in respect of the 
disability benefit, special allowances may be added for unemployability, for the need for constant 
attention, and for special hardship. Injury benefit is paid for total incapacity for periods up to 
26 weeks. When this ceases, disability benefit is paid for any residual loss of faculty. Loss of 
faculty is decided on a percentage basis by a medical board. Benefits are paid for 39 prescribed 
diseases in addition to injuries, and the most recent additions to this list are berylliosis, carcinoma 
of the respiratory passages in nickel workers, tuberculosis in any occupation involving frequent 
contact with the disease, and neoplasm of the bladder in aniline dye workers. There are separate 
schemes for pneumfoconiosis and byssinosis. Under the Act, the Minister of National Insurance 
may arrange for research to be carried out into the causes and prevention of industrial diseases 
and accidents. Research on Raynaud’s phenomenon and on byssinosis in cotton-waste workers 


was recently undertaken under this provision. Joun PemBerton, M.D., Boston 


REPORT OF THE COMMITTEE ON EDUCATION AND CERTIFICATION, AMERICAN ACADEMY OF 
OccuPATIONAL MEDICINE. Indust. Med. 23:548-549 (Dec.) 1954. 


It is generally agreed that training in occupational medicine must consist both of academic 
and clinical and of in-plant or field training. The present report is concerned with in-plant 
training. The postacademic year is meant to stimulate the student through performance, rather 
than instruction, in the following: (1) familiarity with laboratory techniques as applied in the 
plant; (2) appreciation of the art of clinical practice in the nontraditional situation in which the 
physician is not specifically chosen by those whom he serves; (3) discernment of the relative 
importance of health problems; (4) understanding of workmen’s compensation laws and the 
industrial physician’s responsibilities therein; (5) comprehension of the need for teamwork in 
rehabilitation of the handicapped, and (6) recognition of the fact that the concern of the physician 
is the study and understanding of man and not merely of disease. The facilities for this training 
will be mostly located within industrial organizations. An outline of the training content is 


presented, Inpust. DiGEst. 


OPPORTUNITIES AND PROBLEMS IN THE STUDY OF CHRONIC DISEASE IN INDUsTRY. P. M. 
DenseEn, C. A. D’Atonzo, and M. G. Munn, J. Chronic Dis. 1:231 (March) 1955. 


This is a study of the frequency of various chronic diseases in men employed at 26 plants 
of the E. I. du Pont de Nemours and Company. The information was derived from the findings 
at employment and annual physical examinations over periods of time up to 14 years. In the 
words of the authors, the most striking finding was the “tremendous amount of variation in the 
rates for the different plants.” For example, high blood pressure (150/95 or above) varied from 
a rate of 102.61 per 1000 men in one plant down to less than 9 in two others. For gastric and 
duodenal ulcer, some plants had rates approaching zero, while others had rates as high as 50 per 
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1000 men examined. In three plants, 9 out of 10 men were recorded as having no clinical 
diagnosis; in three others, less than one-half had a diagnosis recorded. Graphs showing the 
frequency of chronic diseases at different ages and in the two years, 1940 and 1953, are given. 
Skin diseases, peptic ulcer, and diabetes showed substantial increases over this period of time; 
syphilis showed a decrease. The great variations in the prevalence rates of the chronic diseases 
studied at the different plants indicate, as the authors suggest, that these were the result of 
differing examination procedures. In order to make comparisons of this sort, it is essential that 


standard and defined methods of examination are employed throughout and that as many objective 


measurements are included as possible. Joun Pemperton, M.D., Boston. 


PuysIciaAN IN INDUsTRY Looks at ORAL HEALTH. R. C. Pace, Med. Bull. (Stand. Oil N. J.) 
14:2-6 (Oct.) 1954. 


The percentage of persons seeking dental care regularly is much higher than of those visiting 
physicians for inventory of general health. The oral case program of the author’s company 
includes the following: (1) routine examination as part of the general preplacement or periodic 
physical examination; (2) education in hygiene of the teeth and gums and encouragement to 
visit the family dentist periodically; (3) x-rays of the teeth when specific pathology is indicated 
or when they are requested by the employee’s dentist, and (4) palliative measures in cases of 
dental pain and immediate referral of the patient to his dentist. A neglected tooth can be a 
symptom of a situational state arising from some problem at home or at work. The dentist 
and the physician must meet these problems with broad understanding if they would hope to 


promote good health and not merely to treat established disease. timuer, Hive. Diaaee 


ANNUAL Report FoR Fiscat YEAR 1954 oF THE OccUPATIONAL HEALTH ProcraMm, U. S. 
Department of Health, Education, and Welfare, Public Health Service, Bureau of State 
Services, Division of Special Health Services, 1955. 


In this annual report for the fiscal year 1954, there is presented a comprehensive list of the 
industrial hazards studied by the Occupational Health Program of the Division of Special 
Health Services and of the consulting and technical services rendered. Many of these studies 
led to recommendations of practical significance to both workers and users of such things as 
shoe-fitting fluoroscope machines and detergents. 

Occupational health programs were studied on the spot from their clinical, engineering, and 
toxicological aspects by specially trained personnel working as a team. 

The chapter on Special Studies of Occupational Diseases mentions the research on “newer” 
hazards like “effect of noise on hearing,” “pneumoconiosis in the diatomite producing industry,” 
“lung cancer among uranium and other miners,” etc. 

The chapter on Occupational Health Research gives data on the clinical, toxicological, ana- 
lytical, and engineering approaches to such problems as the establishment of simple pulmonary 
function tests, the detection of reduced diffusion of gases across the capillary-alveolar membrane, 
skin sensitivity to cement and evaluation of silicone protective creams, and the toxicology of 
vanadium and ozone. Other toxicological studies are being made under contractual arrangements 
with different research agencies, civilian and military. 

In the field of Industrial Hygiene Engineering Research, a new method of dust sampling 
through “precipitation” on molecular filter is being developed. Work in the field of instrumenta- 
tion includes a battery-operated air sampler, radon scintillation cell, variable thickness wall for 
ion chamber, etc. 

The chapter on Other Technical Services lists a number of consulting and technical services 
rendered, an evaluation of occupational health programs, and the extensive correspondence, as 
part of the consultant and technical service, with private groups, and federal, state, and local 
official agencies. Another kind of service is being given by way of analyses of potentially harmful 
substances, performed in the chemical laboratory. Unfortunately the position of the industrial 
nursing consultant was abolished at the end of the fiscal year 1954 for budgetary reasons. Mention 
is made of the technical training services by way of various courses arranged by the Occuptional 
Health Program. 

In the field of Occupational Disease Reporting, work has been initiated for improvement 
and standardization of reporting practices, and work has started on the development of a 
diagnosis-and-cause classification code which, when accepted, will contribute materially to the 
usability and comparability of available statistics on occupational diseases. 
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Finally, a list of publications is included. 

The report, as a whole, gives a comprehensive account of the work performed in the frame 
of the Occupational Health Program. This work fulfills the principle expressed in the section, 
Description of Program: “Constant study is required to learn whether these exposures are 
harmful and how they may be controlled before they result in ill health and disability.” 


ALEXANDER Hate, Boston. 


Occupational Diseases and Hazards 


CasE Report: PULMONARY RESECTION IN SILICOTUBERCULOsIS. J. P. CHAPMAN JR. and 
J. R. BumGarner, Am. Rev. Tuberc. 71:137 (Jan.) 1955. 


A case of silicotuberculosis in a young white man, with unilateral tuberculous cavitation and 
Grade I silicosis, was treated by segmental resection because of the reappearance of tubercle 
bacilli in the sputum and a persistent cavity after adequate medical therapy. With the removal 
of the cavity, tubercle bacilli disappeared from the sputum, and the patient had an uneventful 
postoperative course. Studies of respiratory function before and after the resection revealed only 
a negligible diminution of respiratory function. 


[This case was reported eight months after the operation. Ep.] 


From THE AuTHORS’ SUMMARY. 


PARKINSONISM AND TRAUMA. J. M. Nretsen and S. L. Marvin, Bull. Los Angeles Neurol. 
Soc. 19:193 (Dec.) 1954. 


Discussing the problem of traumatic causation of Parkinsonism, Nielsen and Marvin say that 
Nielsen has gradually become convinced that Parkinsonism is an enzyme disease specifically 
affecting the crucial cells of the globus pallidus and the substantia nigra. This conviction is based 
on the following observations: 1. The globus pallidus was destroyed bilaterally, with the produc- 
tion of only a caricature of Parkinsonism. 2. Surgical destruction of the ansa lenticularis relieves 
and does not aggravate the condition. 3. Encephalitis, when it causes the condition, does so in 
an exaggerated manner distinguishable from the degenerative form. 

If, then, trauma seems to cause the syndrome, it must do so by setting up degeneration in the 
cells from which emanate the projection fiber system of the globus pallidus and/or the substantia 
nigra. It is difficult to conceive of such an effect of trauma. The authors present the histories 
of two patients, which illustrate that, when Parkinsonism does follow trauma, a pure picture 
of degenerative Parkinsonism does not appear. However, trauma may precipitate the syndrome 
of loss of automatic associated movement, with rigidity, mask-like facies, and even tachylalia. 

The third patient, whose case is presented, had been working with copper, zinc, and cadmium 
but had not sustained a trauma. Mixed radicular and Parkinson symptoms referable to the right 
arm developed in this man. The authors present this case because it shows that, if trauma had 
occurred, the symptoms of Parkinsonism might have been ascribed to trauma. 


INDUSTRIAL ASTHMA AND Broncuitis. G. W. H. ScHEepers, Indust. Med. 24:53 (Feb.) 1955. 


The author calls attention to the recent revival of interest in bronchitis as an important cause 
of ill health and death, especially in England. He quotes authorities who suggest that the 
natural incidence of bronchial asthma in industrial workers varies between 0.35% and 0.5%. 
He suggests than an incidence of at least 1% should obtain before a causal relationship between 
an occupation and industrial asthma and bronchitis could be recognized. (It is doubtful whether so 
low an incidence would be accepted as an indication of significant association in Great Britain.) 
A wide variety of substances is listed, the inhalation of which is said to cause industrial asthma 
and bronchitis. These include the following: cotton dust; sugar-cane fiber; grain; Penicillium 
spores; silica; acacia, or gum arabic, and various metal fumes, such as those of cadmium, zinc, 
iron, chromium, and vanadium. The possible role of air pollution in causing bronchitis is dis- 
cussed. Special emphasis is placed on the importance of bronchitis and asthma in occupations 
known to carry a risk of silicosis. It is noted that coal miners have a high death rate from 
bronchitis and that they often develop bronchitis and asthma without showing much roentgen- 
ological evidence of pneumoconiosis. This is a valuable review of the relationship between 
bronchitis and asthma and occupation and provides a useful bibliography. 


Joun PEMBERTON, Boston. 
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ROLE oF THE PatcH Test IN Contact DERMATITIS: REPORT OF THE COMMITTEE ON 


OccuPATIONAL DERMATOSES OF THE CoUNCIL ON INDUSTRIAL Heattu. J. A. M. A. 
156:497-499 (Oct. 2) 1954. 


Diagnostic patch testing, when properly performed and correctly interpreted, is of definite 
value in assisting to establish the cause in many cases of contact dermatitis due to sensitization. 
The employment and validity of the tests are highly dependent upon the clinical history, the 
nature of the lesions, the site of the eruption, and the course of the disease. In order to insure 
the intelligent use of the procedure, the examiner should be well acquainted with the chemical 
nature of the contactants handled at work, in the home, at play, in certain hobbies, and in modern 
therapy. Proper concentration of the test material is of the utmost importance in performing the 
patch test. The specific technique to be employed will vary according to the substance in 
question. Primary irritants should not be used for patch testing except in nonirritant concentra- 
tions. The eczematized skin has a lower threshold of reactivity of specific and nonspecific nature 
than does the normal skin. The prophetic patch test is valuable for screening new materials for 
their cutaneous, irritant, and sensitizing potentials. For the test to be highly effective, however, 
it must be followed by a usage trial. Of major importance is the fact that the patch test is 
continually subject to change and refinements and that absolute reliance upon its results in all 


cases of contact-type dermatitis is not justifiable. tan 


Five HunpRED CaseEs oF ErysIPELorp. E. NEtson, Rocky Mountain M. J. 52:40 (Jan.) 1955. 


Nelson says that in 30 years of general practice, with special emphasis on industrial work, 
he treated over 500 cases of erysipeloid. Two hundred sixty cases occurred among packing house 
employees, 144 ameng those in rendering plants, 84 in establishments handling hides, and a few 
in butcher shops, restaurants, and fish stores. Nearly all occurred on the hand. 

The author feels that too many physicians immediately think of a cellulitis and are too 
prone to incise the apparent infected wound; yet surgery is not necessary. 

Erysipeloid, which is caused by Erysipelothrix rhusiopathiae, should not be confused with 
erysipelas of streptococcic origin. The Ery. rhusiopathiae has a wide dissemination, and infec- 
tions have been reported in men, swine, sheep, mice, cattle, pigeons, horses, rabbits, fish, and 
domestic fowl. 

Erysipeloid is an occupational disease. In the cases seen by Nelson, a complete history usually 
reveals a small cut, which did not bleed, or an abrasion to the hand of a worker slaughtering 
sheep, as if a burr of the sheep had entered the skin. An incubation period of two to seven 
days followed; then slight pain occurred around the site of inoculation. Many a butcher insisted 
that the wound should be probed for a burr. Itching, throbbing, burning, and tingling ensued 
and then a stiffness around the adjacent joint, the finger becoming swollen and tender. Then 
the characteristic purplish rash would slowly develop. At first there was generally a red spot 
on the finger. The skin condition extended slowly peripherally to the back of the hand, some- 
times to the next finger, but never above the wrist. The first area involved may have completely 
healed when a new area became purplish. 

In about 10% of the cases, there existed a slight elevation of temperature, with a mild head- 
ache and malaise. Lymphangitis and adenitis were present in 182 cases, and arthritis in 29. Most 
of the cases occurred in the summer months, and relapses occurred in 68 cases. 

The diagnosis of erysipeloid should not be missed if the physician is aware of the condi- 
tion and considers the apparent injury, the site of the inoculation, the slowly progressive lesion, 
with its characteristic spread and benign course. The absence of pus, the color, a normal leucocyte 
count, the location and slow progression will differentiate it from a true erysipelas, which occurs 
on the face and scalp in 90% of the cases and is more acute. 

Before penicillin was available, a variety of drugs were applied locally, but these are not 
indicated at present. Splinting of the hand is still advisable, and the use of wet dressings or 10% 
Ichthyol is beneficial. At the present time polymyxin and neosporin are used locally. Parenteral 
administration of penicillin and especially bicillin are the antibiotics used now. Sulfonamides and 
streptomycin are not beneficial. In persons allergic to penicillin, achromycin or oxytetracycline 
(Terramycin) can be used with effect. Surgical treatment is not necessary and should be avoided. 
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INFECTIVE PNEuMoconiosis: I. INFLUENCE oF DEAD TuBERCLE Bacittit (BCG.) ON THE 
Dust LEstons PRopUCED By ANTHRACITE, CoAL-MINE Dust, AND KAOLIN IN THE 
Luncs or Rats AND GUINEA Pics. DAPHNE ATTYGALLE, C. V. Harrison, E. J. Kine, 
and G. P. Mouanty, Brit. J. Indust. Med. 11:245-259 (Oct.) 1954. 


In these experiments, the effect of dead BCG on the lungs of rats and guinea pigs was studied 
alone and when combined with anthracite dust, “mine dust” (a synthetic mixture of powdered coal 
and shale), and kaolin. The BCG lesions were aggravated by these dusts, and, conversely, BCG 
plus any of the dusts produced more marked lesions than the dust alone. When dust and dead 
organisms were given simultaneously, the lesions became most marked 180 to 240 days after 
the start of the experiment, then regressed so that at from 365 to 500 days after start of the 
experiment no fibrosis was evident. The authors state that this regression shows fibrous tissue 
is capable of undergoing partial resolution spontaneously in certain cases. Collagen fibers were 
also prominent at the midpoint of the experiment, then regressed. Six to 10 bacilli were 
demonstrated in about 3 sq. cm. of lung field at the height of the fibrotic reaction, but only 2 
to 4 were found in similar fields at the time of fibrotic regression. 


SHERMAN S. Pinto, Denver. 


Coronary Heart DisEAsE In TRANSPORT WORKERS: A PROGRESS REPORT. J. N. MORRIS 
and P. A. B. RAFFLE, Brit. J. Indust. Med. 11:260-264 (Oct.) 1954. 


During 1949 and 1950, all cases of coronary heart disease occurring among 15,500 bus 
drivers and 9500 conductors were recorded. Age standardized rates showed an incidence of 2.0 
cases per 1000 men per year in conductors and 2.7 in drivers. Mortality rates during the first 
three months were 0.6 per 1000 for conductors and 1.3 for drivers. This study is a continuation of 
the observations started three years previously. Total mortality rates for the three years were 
0.8 for conductors and 1.6 for drivers. The authors feel that the mortality rates for the two groups 
are coming closer together and eventually will approximate the incidence of the disease. Of the 
ill men whose cases of coronary heart disease appeared in 1949 and 1950, about 45% survived 
three years or more. 


The hypothesis is postulated that “men in physically active jobs have a lower incidence of 
coronary heart disease in middle age than men in physically inactive jobs.” This hypothesis 


is discussed and will be tested in future studies. Suzaman S. Pusto, Denver. 


BuRSITIS OF THE SHOULDER IN CoAL Miners UstnGc BorinG Macuines. T. A. Hunt, 
O. P. Epmonps, and R. H. P. FERNANpDeEz, Brit. J. Indust. Med. 11:265-268 (Oct.) 1954. 


In British coal mines a boring machine is used, which consists of a long drill driven by an 
electric motor and having a substantial base against which men push. The machine weighs about 
40 lb. When boring is done near the top of the coal seam, the operator pushes against the base 
plate with his shoulder. Thirty-five borers were examined, and 26 were found with signs or 
symptoms referable to the shoulder used to push against the machine base plate. Eighteen of 
the men had an enlarged bursa situated below the lateral third of the clavicle or over the 
shoulder tip region. Frequently the skin overlying the bursa was bruised and pigmented. Eight 
men complained of painful shoulder, with some limitation of motion but no enlarged bursae. 
The men with affected shoulders had worked from 7% to 26 years at their jobs. 


Somewhat more than half of the men with affected shoulders complained of numbness and 


tingling of the hands, usually on the side of the affected shoulder, although in a few cases it was 


bilateral. SHERMAN S. Pinto, Denver. 


Soap Wrappers’ “Jic.” P. C. Wason, Brit. J. Indust. Med. 11:279-283 (Oct.) 1954. 


Soap wrappers in a perfume factory have for years exhibited rhythmical back-and-forth 
movements of the body while at work. These and certain other movements, known collectively 
as the “jig,” were seemingly unnecessary to the task. Possible effects on health and productivity 
of 15 soap wrappers were investigated. 

Significant positive correlations between degree of “jig” and efficiency were found. There 
were no significant correlations between degree of “jig” and age or experience. Nor were ary 
significant differences found in absenteeism, from sickness or all other causes, of soap wrappers 
and of a control group of other operators in the same department. 
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The hypotheses are made that the “jig” is related to imitative tendencies of a new employee, 
to posture, and to efforts to increase speed. K. W. NeEtson, Salt Lake City 


FotLow-Up Stupy oF PNEUMOCONIOSIS IN AN IRON FouNpDRY AND SOME INVESTIGATIONS 
INTO THE ErFect oF Founpry Dust in THE Lunes. G. F. KEATINGE and H. E. HARDING, 
Brit. J. Indust. Med. 11:289-295 (Oct.) 1954. 


This is a continuation study of foundry workers examined 10 years previously. Fifty-three 
men of the original group were reexamined, and chest x-ray evidence of progression in lung 
disease was found in only three. Dust condition in the plants had not changed materially during 
the past 10-year period, and the dust was found to contain about 22% free silica as well as 38% 
iron. 


No unusual incidence of acute respiratory illness was found in these men during the 10-year 
period under study. 

Rats exposed to the foundry dust experimentally developed little or no evidence of fibrosis 
in the lungs. Roentgenograms of the rats’ lungs showed distinct shadows, presumably due to 
iron oxide. Lung sections from a foundryman, dying in an accident after 22 years’ work, 
showed some focal emphysema and early collagenous fibrosis in aggregates of pigment along- 
side bronchioles and small arteries. The opaque pigment was thought to be iron. 

It is suggested that some of the fine changes seen in the x-ray films of workers in these 
iron foundries may be partly due to the presence of radiopaque dust and not necessarily to fibrosis. 


SHERMAN S. Pinto, Denver. 


INVESTIGATION OF WARTS PREVALENT AMONG WORKERS IN THE REDUCTION WORKS OF THE 
INpbustry. R. LockHart, Brit. J. Indust. Med. 11:296-300, 1954. 

Pitch obtained from the distillation of coke-oven tar is one of the constituents of carbon 
electrodes used in aluminum furnaces. Recent papers stating or implying a relationship between 
skin warts and exposure to dust or fume during production or use of such electrodes prompted an 
investigation. 

The exposed skin surfaces of 553 workers in one plant and 545 in another were examined. The 
populations were divided into groups according to exposure: group A, continuously in contact; 
group B, intermittently in contact, and group C, seldom or not at all in contact. A control 
group was comprised of 106 men and women who lived in the same locality and were employed 
in the hotel and transport services. Their age distribution was similar to that of the aluminum 
workers. 

The frequency of skin warts was found to be greater in the control group than in the popula- 
tions of the two aluminum plants. Histologically, warts from the test and control groups were 
similar and were classed as simple papillomatas. There was no evidence suggestive of malignant 
growth. Among the aluminum workers, there was no strong or regular evidence of a relation- 
ship between degree or duration of exposure to a presumed agent and wart incidence. The 
conclusion is rather clear that skin warts observed among the aluminum workers are not 
produced by an agent in their working environment. K. W. Netsbn, Salt Lake City. 


Tatc PNEUMOCONIOSIS IN THE TEXTILE INDUsTRY. B. MANN and J. B. Deasy, Brit. M. J. 
2:1460-1461 (Dec. 18) 1954. 


The case is reported of a man who for 39 years had been employed as a picker maker. He 
had to make leather thongs, or pickers, used for driving shuttles which carry the weft threads 
from side to side through the warp threads on the weaving loom. The hide from which the 
thong or picker is made, after being thoroughly damped, has to be dusted liberally on both 
sides with French chalk, which is hydrated magnesium silicate or talc. During the operation of 
dusting, the air is cloudy with fine tale dust. Talc consists of fibers from 4# to 10m in size, and 
if it is "inhaled, talc plaques may be detected in the lungs roentgenologically. In the present case, 
x-ray showed a lattice of matrix-work background in which nodular deposits were super- 
imposed. Probably the case was complicated by apical pulmonary tuberculosis. Tale pneumo- 
coniosis is considered to be a rather slowly developing, fibrinogenic disorder, somewhat similar 
to asbestosis. The man had begun to experience dyspnea and a mild productive cough. Others 
have reported talc granuloma as occurring in abdominal surgery following the use of surgical 
gloves powdered with talc. 
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CAVITATION IN THE MAssIve Fisrosts oF COALWORKERS’ PNEuMocontosis. G. S. 
PATRICK, A. G. HEPPLESTON, and C. M. FLetcHer, Thorax 9:26) (Dec.) 1954. 


Kilpatrick and associates recognize two forms of pneumoconiosis in coal workers. The first, 
simple pneumoconiosis, is attributed simply to coal-dust retention in the lungs, and it does not 
progress after exposure to dust has ceased. Roentgenologically, simple pneumoconiosis is char- 
acterized by fine opacities. These opacities represent dust foci, with or without focal emphysema. 
Men with simple pneumoconiosis may develop the second form of the disease, which is char- 
acterized by the development of large localized opacities corresponding to the massive lesions 
found pathologically. It nearly always progresses whether or not exposure to dust continues, and 
it may start after the cessation of exposure to dust. It is called progressive massive fibrosis. The 
authors say that in South Wales progressive massive fibrosis develops in men with simple 
pneumoconiosis at the rate of 2% per year. 

Cavitation in massive lesions may be recognized roentgenologically as a translucency, often 
with a fluid level, in the large opacities and clinically by the expectoration of large amounts of 
jet-black sputum. This profuse black expectoration (sometimes erroneously called melanoptysis) 
is quite different from the black-flecked sputum often seen in coal workers after completing a 
shift. The frequency and nature of cavitation in massive fibrosis are not widely appreciated. 
The authors analyze observations on a series of coal workers with cavitated progressive massive 
fibrosis admitted to a Pneumoconiosis Research Unit of a hospital in Cardiff, Wales. 

Studies were made on 669 coal workers admitted to this unit between 1946 and 1952. 
Routine medical and industrial histories were taken, and a clinical examination was carried 
out in each case. Posteroanterior roentgenograms were obtained in all cases, and lateral films 
or tomograms in the majority. The sputa were examined for tubercle bacilli by stained smear, 
by culture, and in many instances by guinea-pig inoculation. Three hundred eighty-nine of these 
coal workers were found to have progressive massive fibrosis. Cavitation was discovered in 104 
patients with progressive massive fibrosis. Of these 104 cases, 26 had tubercle bacilli in the 
sputum during life and 78 cases did not, although bacilli were cultured from the lungs of one of 
the latter group, at necropsy. Difficulty in classification may arise when nonpathogenic, acid- 
fast bacilli are found in the sputum, and the importance of animal inoculation is evident. Fever, 
loss of weight, toxemia, and an elevated erythrocyte sedimentation rate are not reliable guides 
to the differentiation between sputum-positive and sputum-negative cases, because the frequent 
nontuberculous respiratory infections in patients with progressive massive fibrosis may affect 
these clinical findings. The prognosis for patients in the sputum-positive group is poor, few sur- 
viving for more than two years after the appearance of tubercle bacilli in the sputum. In the 
absence of a positive sputum, the prognosis for patients with cavitated progressive massive 
fibrosis is no worse than for noncavitated progressive massive fibrosis. Treatment is unsatis- 
factory, but the sputum-positive cases should be given antituberculous drugs for the symptomatic 
benefit frequently conferred. In sputum-negative cases, cavitation is of little clinical significance, 
and such cases require only reassurance and possibly symptomatic treatment. 


Siricosis. E. J. Kine, Reprinted from “Lectures on the Scientific Basis of Medicine, 1951- 
1952,” British Post-Graduate Medical Federation, London, Athlone Press, 1953, Vol. 2. 


This excellent review of the current knowledge of silicosis, presented in a simple manner 
by such an authority, is most useful. 

Following a brief history and a description of the theories that have been advanced, the recent 
experimental findings are summarized. 

The evidence of the modifying effect of metallic aluminum or aluminum hydroxide is summed 
up as follows: “There seems to be no doubt that silicosis can be prevented in animals by render- 
ing the causative agent insoluble in the lung fluids, by coating the particles with aluminum. 
Simultaneous inhalation of aluminum with quartz prevents, or greatly retards, the development 
of silicosis; and the administration of aluminum subsequent to quartz has been claimed to arrest 
the progress of silicosis. Aluminum hydroxide, mixed with quartz, prevents the quartz from 
producing fibrosis. When administered to an animal with developed silicotic lesions, aluminum 
will retard their further development, and even cause some regression. On the other hand, no 
convincing evidence has been seen that aluminum will do the same in human silicosis. The most 
recent experiment, conducted by the Medical Research Council in this country, likewise appears 
to throw doubt on the usefulness of aluminum therapy or prophylaxis in the silicosis of pottery- 
workers. The solution of the silicosis problem probably lies in the suppression of dangerous dust, 
not in the introduction of other dust, even if that dust be antidotal.” 
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An account is given of studies on the relation of crystal structure, particle size, and “weathered 
dust” to solubility and pathogenicity. The acute toxicity of colloidal silica, which is unaffected 
by the addition of aluminum hydroxide, is described, and this leads to an account of a possible 
mechanism of silicosis. “Fine quartz particles release silicic acid into solution in a liquid or in the 
liquid contents of a cell. Some of the silicic acid escapes into the blood, and is carried away to 
be excreted; other silicic acid molecules polymerize to colloidal dimensions, and become fixed 
on the protoplasm of the cell. Colloidal silicic acid is a protein precipitant, and its action in pre- 
cipitating some of the protein of the engulfing cell may be the cause of the typical fibrotic 
response which is always caused by the presence of free silica particles in tissues. The quartz 
particles, however, must be of fairly definite size range. They must not be too small, like 20 
Angstrom silica, or they will produce an actute toxic effect. If they are too big, no appreciable 
dissolution will take place. The formation of silicotic nodules is a slow chronic phenomenon. It 
appears that to produce them silica particles must be small enough to liberate slowly, and over a 
long time, soluble silica into solution from their surfaces in sufficient amounts to produce a chronic 
local irritative effect; and must not be so small that they will quickly and completely dissolve 
and be either carried away or produce only an acute local effect, which will lack the continuous 
stimulus of constantly released colloidal silicic acid. It may be this prolonged irritative, or 
stimulating, effect of constantly released colloidal silica which is responsible for the formation of 
the fibrous scar tissue of a silicotic nodule.” 


Siticosts MepicaL BuREAU REPORT FOR THE YEAR ENDED Marcu 31, 1951. A. S. W. 
VERSTER, CHAIRMAN, Government Printer of the Union of South Africa, Pretoria, 1953. 


The function of the Silicosis Medical Bureau is essentially to decide questions of compensation 
on account of silicosis contracted in the gold mines. The reader finds himself faced with an 
extensive mass of statistical matter difficult to digest, and such text as there is is not very helpful. 
As silicosis now advances more slowly than of old when the dust exposure was more intense, 
legal periodical examinations are now less frequent; this has lightened the work of the Bureau. 

The number of roentgenograms of the chest taken during the year was 67,177. Dusty occupa- 
tions involving machine work and the incidence of silicosis, notwithstanding dust suppression, 
continue to show a high positive correlation. When the progress of silicosis is divided into three 
stages, a decrease in incidence is found in each group in the period 1948-1951 compared with 
1929-1932. Two features emerge from the statistics, an improvement in the incidence of silicosis 
and an increasing proportion of miners in the longer service groups. No cases of silicosis were 
found among miners with up to 11 years’ fairly continuous service in dusty occupations in 
scheduled mines. The incidence of silicosis among miners who have worked in dusty occupations 
for periods exceeding 5 but not exceeding 10 years has diminished from rates of more than 25 
per 1000 in the early twenties to well under 1 per 1000 at present. The average amount of dust 


in mine air in milligrams per cubic meter was 3.8 in 1917, 1.2 in 1927, and 0.6 in 1937; and there 


information stops. E. L. Cotuis [Butt. Hye.]. 


Earty Bacassosis. S. K. Gancuty and S. C. Pat, J. Indian M. A. 24:253-254 (Jan. 1) 1955. 


Bagasse is the waste product of the sugar cane after the extraction of sugar. It is used in 
India as the raw material for manufacturing paper and cardboard. Exposure to bagasse dust, 
possibly owing to a protein moiety acting as an antigen, sets up an allergic response. When 
bacterial infection is superadded, acute diffuse bronchiolitis develops. Unless the condition is 
treated, fibrosis, emphysema, and bronchiectasis follow. The disease is known as bagassosis. 
The authors report three patients who came under notice from a paper mill where bagasse 
was used; they complained of hemoptysis and breathlessness. Their case histories are given. 
Rest with freedom from exposure to the dust cured one; the second patient returned to work 
and immediately broke down again; he was given penicillin, as was also the third patient. 
All recovered, with complete resolution of the x-ray findings seen in the chest, which con- 
sisted of mottlings over both lungs and which are illustrated. No tubercle bacilli were found in 
these cases, but a number of cases of tuberculosis have come from this paper mill. Bagassosis 
is a serious condition, calling for immediate withdrawal from exposure to the dust. 


E. Corre. 
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Zinc STEARATE Lunc. L. Noro and U. Uortra, Paper 239, read before the XI International 
Congress of Industrial Medicine, Naples, September, 1954. 


The inhalation of zinc stearate dust is known as a cause of pneumonia in children, but its 
effects in the working environment are not so well known. The authors describe the fatal case 
of a worker employed for 29 years in a rubber plant who died. The clinical examination and 


autopsy showed that the cause of death was a diffuse fibrosis of the lungs. Histological tests for 
zinc were positive. 


CHRONIC INFLAMMATION OF THE Upper RESPIRATORY PASSAGES IN CEMENT WorKERs. G. 
MANCIOLI, Ras. med. indust. 23:7-16 (Jan.-Feb.) 1954. 


Much dust is raised when grinding and when bagging or otherwise packing cement, the dust 
particles being hexagonal or polygonal in shape and measuring 44-124, Workmen exposed to this 
dusty atmosphere have been estimated each to inhale 0.89 gm. of cement dust per day or 270-300 
gm. in a year. Cement factory stacks, even when fitted with dust-precipitating equipment, have 
been found to deposit as much as 40-45 tons of dust within 24 hours over their surroundings. 

Mancioli has investigated a number (not stated) of cement factories in Italy and examined 
102 workmen in all. Eleven showed chronic hypertrophic inflammation of the nasal, pharyngeal, 
and laryngeal linings; in 35 only the nasal and pharyngeal mucosae were affected, and in 18 the 
changes were limited to the nasal cavities. The nose showed vasomotor disturbances in 6 work- 
men, ulceration in 15, and perforation in 4. Seventy workmen in all, 68.62% of the 102 examined, 
showed an occupational condition affecting their upper respiratory passages; their ages and 
their length of exposure to the hazard varied over a wide range. Examination of these subjects 
at intervals after a shift showed that nasal discharge was increased within three to five hours 
of stopping work and that the dust was then carried down into the nasopharynx with the mucus, 
leaving a bright red, moist mucosa. The discharge dried up after six to eight hours. 

The subjects were all male; their ages varied from 18 to 55 years, and their exposure to risk 
from 3 months to 15 years. 

Mancioli describes the form of occupational nasal ulceration which he has found and discusses 
the action, both irritant and caustic, which cement dust exerts on the whole lining of the respira- 
tory tract, though he has limited the present investigation to the upper passages. 


J. Caucut, Hye.]. 


Errects oF WorK STILBestrROoL. G. KLavis, Zentralbl. Arbeitsmed. u. 


Arbeitsschutz 
4:46-47 (March) 1954. 


Two laboratory workers employed on the phosphorylation of diethylstilbestrol (Stilboestrol ) 
developed symptoms of endocrine disturbance after six to eight months, and others showed slight 
effects. The symptoms in male and female workers are described. Hormone treatment and pro- 
tective clothing led to disappearance of the symptoms in male workers after three to four months. 
The one female worker required a longer period after removal from the work. The symptoms 
were probably due to the cumulative effect of inhalation of fine Stilboestrol dust. As preventive 
measures, the author recommends protective clothing, rubber gloves, and masks, and the employ- 
ment of male persons only, with change of work every four to six weeks. 


Inpust. DiGEst. 


New MeEtTHOop FOR DETERMINING THE FIERINOGENICITY OF A SILICOGENIC Dust. H. 
TurRRIAN, Ztschr. Unfallmed. u. Berufskrankh. 47:290-292 (Dec. 15) 1954. 


The method, carried out on rats, for testing the capacity of a dust to set up a fibrous reac- 
tion is to inject 0.01 or 0.02 cc. of a suspension of any dust particles below 34 in diameter 
between the folds of the mesentery. If quartz is the dust tested, an isolated fibrous nodule is 
found at the site two months or so later. This nodule is isolated and weighed. The weight is 
found to vary directly with the amount of dust injected and with the time since it was injected. 
Three different dusts were tested: quartz which provoked the heaviest nodules; oxide of titanium 
which provoked the least nodules, and kaolin which provoked an intermediate reaction. 

Histological examination showed that the silica nodule had all the characteristics of silicotic 
fibrosis and that the weight constituted a quantitative measure of the reaction. The reaction 
provoked by oxide of titanium was purely cellular and reticuloendothelial, without any tendency 


to fibrosis. E. L. Cottts. 
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Industrial Toxicology 


Urinary EXxcrReTION oF LEAD IN CHILDREN: DraGNostic AppLication. R. K. Byers, 


C. A. MaLoor, and MARGARET CusHMan, A. M. A. Am. J. Dis. Child. 87:548-558 (May) 
1954. 


A slightly modified form of the micromethod for lead determination described by Fairhall 
and Keenan (J. Am. Chem. Soc. 63:3076, 1941) was adopted for detecting lead in the urine of 
children. By this method recoveries of 80% to 85% of lead added to urine were reliably repro- 
ducible in specimens containing between 257 and 50v, and as the lead was increased to 1007 
recoveries of 90 to 95% were regularly obtained. The method is described, and great stress is 
laid on the need for ensuring that all apparatus used is free from all possible contamination 
with extraneous lead. The children, from whom the specimens were drawn by catheter, mostly 
obtained their lead contamination from their habit of chewing lead paint in the home. Urinary 
excretion of lead was studied in 68 persons between the ages of 6 months and 14 years, with 
diagnoses of lead poisoning in 23, all of whom were treated in hospital. In the majority of 
cases, the paint chewed contained from 25% to 40% dry weight of lead. 

Excretion values of lead for the control group were below 557 per 24 hours; values above 
807 per 24 hours were from patients with acute lead poisoning. One child after large doses of 
vitamin D and 4 gm. calcium phosphate daily excreted 103y and 1377 of lead in two successive 
24-hour periods. Retrospective diagnosis of lead poisoning could not be made by the method used. 
In addition to the usual clinical indications, x-ray showed condensation of the lines of provisional 
calcification in the shafts of the long bones. 

Details are given of several interesting cases in which doubtful diagnoses were rejected or 
confirmed by urinary analysis. After a year or more of protection from lead contamination, the 
urinary excretion of lead in patients known to have been lead-poisoned fell into the normal range. 


E. L. Cotiis Hyc.]. 


MANGANESE PoIsONING. RAFAEL PENALVER, Indust. Med. 24:1-7 (Jan.) 1955. 


Manganese poisoning, as seen in Cuba, is presented, with references to the work of others in 
several countries. The respiratory tract is believed to be the only important mode of entry of 
manganese compounds. After blood stream absorption, these compounds have a predilection for- 
certain nerve cells at the base of the brain and upper spinal cord. Apparently, some are stored in 
other tissues and organs, as the liver and the kidney. Elimination is through the bile into the 
feces and continues long after the exposure is terminated. 

Great individual variation exists in susceptibility to the clinical manifestations of manganism. 
No means is known for determining the more susceptible persons. Improvement of working 
conditions to minimize the exposure is absolutely necessary in prophylaxis. All dust exposures 
need to be controlled, not allowing a concentration higher than 6 mg. of manganese per cubic 
meter of air. 

The first indications of intoxication must be detected in order to remove the worker from 
the exposure at a stage when the condition is probably reversible. The early symptoms are sub- 
jective psychological manifestations, including headache, asthenia, and psychomotor irritability 
leading to impulsive acts. The author has noted in ail cases a symptom which the patients called 
“weakness of the legs.” 

With continued exposure, the characteristically polymorphic neurological disturbances occur 
within months or years. The clinical picture then resembles other extrapyramidal syndromes, 
such as paralysis agitans and progressive lenticular degeneration. Spastic gait with no protective 
reflexes upon falling, monotonous whispering speech, mask-like face with unmotivated laughter, 
recurrent tremors, and irregular micrographic handwriting are often characteristic findings. No 
laboratory tests are available to confirm the diagnosis. Blood and urine manganese levels indicate 
only exposure and do not correlate with clinical manifestations of the intoxication. 

Although the exposure to manganese is terminated, these neurological changes are usually 
irreversible and slowly progressive even to complete paralysis. The author has not been impressed 
with the value of specific treatment with dimercaprol (BAL) or edathamil calcium-disodium 
(Ca EDTA) in relieving these disturbances or stopping their progression. He has not found 
any effective symptomatic treatment to relieve the polyneuritis often associated with manganism. 

He has not recognized any “manganic pneumonia” or “manganic dermatitis.” 


H. D. Estes. 
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PaTHOLoGiICc CHANGES ASSOCIATED WITH THE UsE oF SoptumM ETHYLENE DIAMINE TETRA- 
ACETATE IN THE TREATMENT OF HyYPERCALCEMIA: REPORT OF Two CAsEs WITH 
Avtopsy Finpincs. H. R. Duprey, A. C. Ritcuiz, A. SCHILLING, and W. H. 
New England J. Med. 252:331 (March 3) 1955. 


A 30-year-old woman with hypercalcemia due to extensive bone metastases from carcinoma 
of the breast was treated with edathamil disodium (Versene), up to 400 mg/kg/day, for 14 
days. She died following massive gastrointestinal and intrapulmonary hemorrhage. A 4%4-year-old 
child with hypoparathyroidism had vitamin D intoxication and hypercalcemia. She received 
edathamil disodium, 200 mg/kg/day, for 11 days. Oliguria was followed by uremia and death. 
At autopsy, both cases had hemorrhagic manifestations, proved in the first case to be due to 
absence of prothrombin. Both had severe renal disease. In each case there was also a bizarre 
filling of all reticuloendothelial cells with coarse granules. H. R. Dun.ey. 


DratH IN Two-Ounce Borttces. Texas Health Bull. 7:3-5 (Sept.) 1954. 


Organic phosphate insecticides are now available in small packages for home use. The 
number of persons exposed to their hazards is therefore greatly increased. Several cases of 
poisoning, some fatal to persons and to animals, are described. In each case, the poisonous nature 
of the material was plainly indicated on the label, but the warning was disregarded. Among the 
suggestions made are the following: a uniform method of labeling all hazardous chemical 
products for home use; registration of all sales of hazardous chemicals, and prohibition of sale 


in small lots for home use. The most obvious precaution, however, is to educate users to read 
labels on bottles or packages. Heo. 


CHLORINE TRIFLUORIDE. JOHN J. Horn, Report MLCR-37, Hazelton Laboratories, August, 
1954. 
The method of generating the vapor, analytical method for determination of concentration, 
signs of toxicity, hematology, urine analysis, biochemistry, mortality, and gross and micro- 
scopic pathology resulting from chronic inhalation of the vapors of chlorine trifluoride are 


described. Nuclear Sc. ABsT. 


Boron ANALYsIS: PROGRESS REPORT FOR 1953-1954 AND SUMMARY OF 1952-1954 STUDIES 
ON CHEMISTRY OF BORON HypbrIDEs AND TOXICITY OF BORANES. WILLIAM H. HILt and 
Joseru L. Svirpety, Report MLCR-42, Pittsburgh University Graduate School of Public 
Health, September, 1954. 


Data are presented from studies of the toxicology, mechanisms of action, and methods of 
analysis for boron and boron compounds in animal tissues. Data are included from chronic 
toxicology studies employing rabbits, dogs, monkeys, mice, rats, and accidental human 
exposures. Methods are presented for the preparation of tissue samples for chemical analysis, 
and chemical, colorimetric, spectrographic, and ultraviolet methods are presented for the 
determination of boron, boric acid, and boron hydrides in animal tissues and urine. Attempts 
were unsuccessful to find a therapeutic agent for boron hydride poisoning. Silica gel and activated 
charcoal were found to be the most effective materials tested for the absorption of boron 


hydrides when used as gas-mask fillers. Nucusan Sc Asser. 


PROTECTIVE POWER OF METHIONINE AGAINST THE Toxic EFFEctTs OF PyripiNe. R. FABRE, 
R. Trunaut, and M. Hersert, Bull. Acad. nat. méd. 138:212, 1954. 


Rats were exposed in respiratory cages for 40 minutes per day to an atmosphere containing 
from 12 to 15 mg. per liter of pyridine. (The method used was that described by the authors 
[ Ann. pharm. franc. 8:773-778, 1950].) It was shown that methionine added to the diet exerted 
a protective effect. It is suggested that this action is due to interference with the methylation of 
pyridine. R. TRUHAUT. 


CHANGES IN VESTIBULAR CHRONAXIES DURING EXPERIMENTAL CHRONIC CARBON MONOXIDE 
PoIsoNING IN Rassits. G. BourGuIGNON, R. TRUHAUT, and M. DaKkak, Compt. rend. Soc. 
biol. 148: 147-152, 1954. 

Rabbits were exposed for eight hours per day and six days per week for long periods to an 
atmosphere containing 100 ppm of CO. (This was maintained by use of a continuously recording 
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infrared absorption meter.) At first the vestibular chronaxy is increased, particularly on the right 
side, and later it is decreased. This decrease occurs despite a rising blood CO level, suggesting 
adaptation. The exposure of rabbits to low concentrations of CO produce the same disorders in 
equilibrium and variations in vestibular chronaxies that occur in workers so exposed. Discussion 


of the existence of the syndrome of chronic CO poisoning is included. R. Tausaut 


EFFECT OF ALUMINUM IN INTRAPERITONEAL INJECTION Tests. J. R. RuTTNER and W. WILLY, 
Schweiz. Ztschr. allg. Path. 16:216-221, 1953. 


This brief note describes the results of intraperitoneal tests in mice with two types of 
aluminum powder, one uncoated and the other coated with stearin. The particle size was mostly 
below 34. The dosage was 5 mg. per mouse. Both dusts aggregated into deposits which were 
mainly cellular and showed little reticulin up to three months. Later the deposits became 
acellular and collagenous, completely so in six to seven months. No marked difference between 
the results from the two samples was evident. It is concluded that alminum is a fibrogenic dust, 
and caution should therefore be exercised in regarding it as an antidotal dust. 


Inpust. Hyco. DicEst. 


ACRYLONITRILE: Toxicity AND AcTION. L. GHIRINGHELLI, Med. lavoro 45:305-312 (May) 
1954. 


The first part of the article is a summary of the literature regarding poisoning by acrylo- 
nitrile now widely used in industry. This is followed by a report on two series of experiments 
on guinea pigs. 

In the first, it was found that following injection of a median lethal dose (130 mg. per kilo- 
gram) concentrations of hydrogen cyanide in the heart blood taken immediately after death varied 
from 0.098 to 0.280 per milliliter. 

These amounts are considered to be too small to account for all the material injected or to be 
responsible for the symptoms of death in the animals. It is suggested, therefore, that all the 
acrylonitrile is not metabolized and that the substance is of itself lethal. 


In the second series, immediately before the injections of acrylonitrile, one of the three sub- 
stances commonly used in the treatment of cases of poisoning was administered as follows: (a) 
20% dextrose intravenously, 5 cc. per kilogram body weight; (b) 3% sodium nitrite hypo- 
dermically, 70 mg. per kilogram body weight, and (c) 25% sodium thiosulfate intravenously, 
2.5 cc. per kilogram body weight. 

These injections were found to have no effect in protecting the animals, and this is thought 


to confirm the conclusions already stated. C. O. S. Bryrn Brooke [Butt. Hye]. 


AFTER INVESTIGATIONS OF PatreENTS WHO SUFFERED FROM CHRONIC CO POoISONING IN 
1945-1946. P. Sumart, Paper 44, read before the XI International Congress of Industrial 
Medicine, Naples, September, 1954. 


A number of the patients who in the years 1945-1946 were discovered to have chronic carbon 
monoxide intoxication have been reexamined after five to eight years. The patients proved to be 
able to work and had fairly well recovered from their previous symptoms. Some of them 
complained of memory disturbances, periodic headache, and vertigo and said that they were 
continually sensitive to carbon monoxide, getting symptoms from quite small CO percentages. 
The internal and neurological examinations did not show anything special. A few still had 
changes in the visual field. Other otoneurological changes had disappeared except for hearing 
deficiencies, which were the same as before. 


OccuPATIONAL DISEASE FROM PETROLEUM ETHER AND FROM Petrov. G. BAtpr and R. 
RICCIARDI-POLLINI, Rass. med. indust. 23:7-94 (March-April) 1954. 


This paper starts with a brief, comprehensive, and clear account of some basic technical facts 
about the production of a wide series of what are now almost indispensable substances obtained 
from the distillation of crude oil and from its “cracking”; substances with similar properties are 
produced by the hydrogenation of lignite and other coals. Petrol (gasoline) and petroleum 
ether, which are both explosive, are products of the first fraction of distillation—up to 150 C. 
Petrol has a boiling point of 60-120 C and a specific gravity of 0.70-0.78 and is mainly made up 
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of octane, heptane, and hexane; it is widely employed in the manufacture of turpentine substitutes, 
detergents, disinfectants, and waterproof articles, besides being used as a fuel for the internal 
combustion engine. Petroleum ether has a boiling point of 20-90 C and a specific gravity of 0.5-0.6 
and its volatile constituents are mainly pentane and hexane; it is widely used as a solvent for 
grease, wax, and varnish and in the manufacture of turpentine substitutes and of detergents. 
One may add that the higher the octane content of a petrol the less is its liability to spontaneous 
firing. 

Generally speaking, the risk of industrial poisoning from these substances increases with the 
number of carbon atoms in the hydrocarbon chain and, therefore, with the molecular weight. 
Thus, the limit of tolerance is 10,000 ppm with methane, 1000 ppm with pentane, 700 ppm with 
hexane, 300 ppm with heptane, and 200-300 ppm with octane. The vapors of petrol and 
petroleum ether can be tolerated up to a maximum concentration of 500-1000 ppm according to 
composition. The limit of tolerance varies with persons and rises with length of exposure to 
the risk. Industrial poisoning is generally due to the inhalation of these substances, though toxic 
absorption is said to have sometimes taken place by ingestion or through the whole skin. There 
are additional health hazards from fire and explosion. 

The two substances under consideration have an irritant action on the skin and mucous 
membrane and a toxic action on the nervous system, both central and peripheral, and they may 
cause degenerative changes and sclerosis in various organs. They are for most part eliminated 
with the breath, giving this the characteristic smell, which is diagnostic. Coma, pulmonary edema, 
and other chest affections may develop in acute and severe cases, and there may be such sequelae 
as polyneuritis, retrobulbar neuritis, and even persistent epileptic attacks. 

Treatment should aim at the earliest possible removal of the cause, cardiac and respiratory 
stimulation (oxygen being generally preferable to artificial respiration), and care of complications. 

For prevention, we should control the concentration of the toxic vapors in the atmosphere so 
that it is under 500 ppm in the absence of more toxic impurities, such as carbon tetrachloride, 
carbon disulfide, and benzene which call for even lower permissible limits of atmospheric con- 
centration of the contaminants. Petrol produced in a “cracking” plant is usually more highly 
toxic. 

Workers entering tanks or other confined spaces which have contained these light hydro- 
carbons should wear masks and be supplied with pumped air to breathe and should have mates 
to watch and help in case of accidents. Garages and similar workshops where vapors are liable 
to concentrate require adequate ventilation. Oil wells, oil refineries, etc., call for special pre- 
cautions. Protective garments and barrier creams may be necessary to protect the skin surface, 
and petrol should not be habitually used for skin cleansing. The explosive and fire risks call for 
appropriate precautions. 

The authors refer to the legislative measures for the control of this occupational disease. 
Acute poisoning can be treated like any other industrial accident for purposes of compensation. 


J. Caucuti [Bu tt. Hye.]. 


A Case oF PorIsoNING By MULTANIN USED FOR THE DESTRUCTION OF Potato BEETLE. 
H. A. Krone and H. Nites, Zentralbl. Arbeitsmed. u. Arbeitsschutz 4:71-73 (May) 1954. 


The increasing and already extensive use of contact insecticides in agriculture and other 
activities makes it important to record all cases of poisoning due to these preparations. A num- 
ber of references are given to poisonings by D.D.T. and also by B.H.C., which is generally 
regarded as being less dangerous. 

Here reported is a case of poisoning due apparently to Multanin (Schering A-G.), a mixture 
of D. D. T. and gamma B. H.C. The patient was a healthy young man, aged 25, who had been 
engaged in the afternoon of a very hot day for about an hour in treating a potato field with the 
powder insecticide. Against instruction he had scattered the powder against the wind as well 
as with the wind. He was scantily clad and had had no food since early morning. In the evening 
he felt unwell and suffered from giddiness and pains in the abdomen. On the next day his 
condition was worse; he had severe headaches and vomiting with fever. Within 40 hours there 
developed cyanosis, jaundice, and disturbances of the bowel and bladder. Clinical particulars are 
here given; in addition to liver damage, there was present a bronchopneumonia with pleurisy, a 
leucocytosis with displacement to the left, increased blood sedimentation rate, and ventricular 
extrasystoles. This condition is assumed to have been due to the inhalation and swallowing of 
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small amounts of Multanin. The patient recovered completely in five weeks. It was learned 
that several persons in the same district had suffered similar but much slighter symptoms, for 
which no medical advice was sought, after the use of this insecticide. 


M. E. DevaFretp [Butt. Hyc.]. 


PRESENT TREND IN THE INCIDENCE OF LEAD POISONING, WITH PARTICULAR REFERENCE TO 
CoNDITIONS IN THE NortTH RHINE AREA. W. REINL, Zentralbl. Arbeitsmed. u. Arbeits- 
schutz. 4:102-107 (July) 1954. 


The incidence of industrial lead poisoning in the North Rhine district in the years 1926 to 
1952 is recorded, with some comparison with the experience in England. In 1931 a peak of 
incidence amounting to 460 cases occurred in the North Rhine area, after which there was a 
gradual but irregular fall to about 45 cases in 1938, followed by an increase to 85 cases in 1940. 
During the war years the incidence fell to a very low level, and in 1945 there was record of only 
one case. After that year the number of cases increased each year to a maximum of 142 in 1950 
and then diminished again to 62 in 1952. The reasons for this postwar increase are described and 
are to be found in the industrial recovery of the country and also in the special exposure to risk 
of workers engaged in the manipulation of scrap metal covered with thick lead paint. At the 
present time lead comes second in importance to carbon monoxide in the list of substances 
causing industrial poisonings. 

There is given a description of the various industrial processes in which lead poisoning con- 
stitutes a risk. A list gives the percentage frequency of symptoms recorded in 392 cases of lead 
poisoning during 1945-1952. These symptoms are described. Punctate basophilia was found in 
83.7% of the cases. The value of this sign is described and discussed, as also are the occurrence 
of anemia and the chemical determination of lead in the blood. It is noted that saturnine 
encephalopathy was diagnosed in only two cases in this series, and these are described. 


M. E. DELAFIELD [BuLL. Hyc.]. 


LivER DAMAGE IN WorKERS ENGAGED IN VARNISH SPRAYING AND ALLIED PROCESSES. 
L. Popper, Zentralbl. Arbeitsmed. u. Arbeitsschutz 4:108-112 (July) 1954. 


This paper draws attention to the frequency of liver damage in workers in varnish spraying 
and allied processes. Particulars are given of the special examination of 90 varnish sprayers for 
evidence of liver damage and of cytological blood changes. Among these workers, 26 (29%) 
were found in whom the colloid stability test gave evidence of liver damage, as compared with 
only 4% of positives in a control group of 176. It is considered that it is the solvents, such as 
benzene and its homologues, used in the sprayed varnish, and not the varnish material itself, 
which bring about the liver damage. 

The problems of industrial insurance and industrial medicine which arise as the result of this 


special hazard are shortly considered. M. E. Detartetp [Butt. Hye.] 


SIGNIFICANCE OF THE CARBON MONOXIDE HEMOGLOBIN LEVEL IN THE DIAGNOSIS OF 
Curonic CARBON MonoxipE Portsoninc. A. Grut, Zentralbl. Arbeitsmed. u. Arbeits- 
schutz 4:116-118 (July) 1954. 


This paper deals with the conditions under which samples of air and of blood must be taken 
and examined before a diagnosis of chronic carbon monoxide poisoning can be made. A high CO- 
hemoglobin level does not in itself justify the diagnosis of poisoning, nor does a normal CO- 
hemoglobin level prove its absence. It is, however, not possible to assign a precise figure to 
the normal level of CO-hemoglobin. In a series of examinations, it was found that among 94 
out of 100 nonsmokers the figure was less than 3%, but with a maximum of 4% in the group. 
Among 100 smokers, the level was less than 4% in 91 of these in summer and less than 6% 
in 94 in winter, with a maximum of 7%. The diagnosis of chronic carbon monoxide poisoning 
cannot be made with assurance unless it can be shown that the person concerned has been 
repeatedly exposed to carbon monoxide over a period during which the conditions of work have 
remained unchanged. The most reliable method of proving such exposure is to determine, if 
possible, the CO-hemoglobin level before and after work on repeated occasions. 


M. E. [Butt. Hye.]. 
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Risks oF Leap Porsontnc DurRING THE RIVETING oF Pieces oF MetaAL. A. UYTDENHOEF, 
Arch. belges méd. sociale Hyg. 12:322-336 (Oct.) 1954. 


Lead poisoning affected 58 men out of 280 who were engaged in assembling metal parts of 
wagons by applying rivets to attach them together. The parts were first covered with paint to 
protect against rust. This paint contained large amounts of minium, or red lead, which is oxide 
and binoxide of lead. The metal parts were riveted together by placing rivets, already heated, 
in holes and then applying to the rivets pneumatic hammers or hydraulic pressure. The rivets 
had been heated to 1000 C and would be about 800 C when the pressure was applied. At this 
moment the lead paint gave off clouds of fumes containing oxides of lead, which contaminated 
the air of the workplace and, in particular, the area breathed by the riveters. Air samples 
showed that the air of the large halls where the work was done contained 0.086 mg. of lead 
per cubic meter, while the air at the level of the nose and mouth of the riveter contained 4.8 
mg. per cubic meter, far in excess of the permissible limit of safety. 

None of the cases of poisoning was severe, but all the patients experienced lost time at work, 
for which they received compensation. Severity varied directly with the length of exposure to 
the fumes. Other contamination, from handling wet paint and taking food with unwashed hands, 
may also have helped. Respirators were found which kept the lead fumes from being inhaled, 
but the workers, as usual, did not like wearing them. Improvement was also attained by better 
ventilation. But the only really safe way of carrying on the process seemed to be to use paint 
which did not contain lead. This suggestion did not meet with approval from the technicians. 

All the cases occurred within two or three months, during which the process was in action 
more continuously than usual. The men compiained of fatigue, lumbar pains, gastric neuralgia, 
and abdominal colic; they showed blue line on their gums, basophilic red cells, and, in those 
most severely exposed, reduction in red cell count, which soon disappeared on cessation of work. 
One man had some polyneuritis, and one nephritis. The author expresses astonishment that 


the risk had not come under observation sooner. el. Cais 


Medicine and Surgery 


ROLE OF CoRTISONE IN PREVENTING PULMONARY FrBRosts FOLLOWING IRRADIATION. R. M. 
FRIEDENBERG and S. RuBENFELD, Am. J. Roentgenol. 72:271-277, 1954. 


Nine patients were given cortisone while receiving x-ray therapy to the thorax. In no instance 
has pulmonary fibrosis appeared in the zone of irradiation despite the intensive doses given. 
Six patients have been followed over three months. Subjective improvement was observed. 
One patient received cortisone for a severe reaction following x-ray therapy, with marked 
symptomatic improvement. This report suggests that cortisone may be of value in inhibiting 
pulmonary fibrosis following irradiation. 

Cuem. [INpust. HyG. Dicest.]. 


NEEDLESS RESTRICTION OF PATIENTS WITH HEALED MYOCARDIAL INFARCTION. W. 
Wacker, U. S. Armed Forces M. J. 5:1717-1723 (Dec.) 1954. 


Because numerous studies have shown an increased incidence of myocardial infarction in 
sedentary occupations and a corresponding decrease among laborers, the belief that strenuous 
physical exertion may precipitate myocardial infarction in a person with preexisting coronary 
atherosclerosis needs critical reevaluation. It has been found that 77% of American soldiers 
killed in Korea had demonstrable coronary atheromata. Physically active workers with coronary 
artery disease have a lower early mortality and a longer survival from the onset of their disease 
than sedentary workers. To restrict the activity of a patient who has survived a myocardial 
infarction without residual cardiac or coronary insufficiency problably shortens his actual sur- 
vival and surely shortens his useful life. 


From THE AvTHOR’s SumMMARY [INbUstT. HyG. D1GEstT.]. 


PaTtTHoLocy oF REHABILITATION. P. B. S. FowLer, Lancet 1:467-471 (March 5) 1955. 


Since 1944 in Great Britain a register of disabled persons, as officially defined, must be kept 
under the Disabled Persons (Employment) Act. A study is presented of 1945 persons in the 
southeast of England, being a representative sample of the total register. The duty is entrusted 
to Disabled Resettlement Officers (D. R. O.’s) of finding occupation for these disabled persons, 
and employers are called upon to engage at least 3% of such persons on their payroll. Of the 
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sample of 1945 persons, 716 were unemployed and 1229 were employed. There are also Remploy 
factories established to provide special light occupations for persons for whom work cannot 
be found elsewhere. Rehabilitation therapy is used to restore usefulness to the handicapped. 


Disability may be due to physical or psychological factors. The latter are the more numerous 
until after the age of 50, and those affected by them are the most difficult cases to reemploy. 
Women presented fewer problems than men, largely because of the fact that their work is 
normally much lighter than that of men. Psychiatric disease was diagnosed in 10.4% of cases 
and was associated with organic disease in a further 14.6%. This latter group is particularly 
liable to be affected by compensation neurosis. Once resettlement is achieved for physical dis- 
abilities, it is likely to be permanent. Here employers tend to extend more sympathy, as the 
disability is more obvious. Medical disabilities are commoner. Bronchitis arouses less sympathy, 
and those who suffer from it oftener need sheltered occupations. The incidence of psychological 
factors affecting resettlement is six times as great for those with bronchitis as for those with 


pulmonary tuberculosis and is higher for those with peptic ulcers and heart diseases than for 
the rheumatic disease group. . 


This survey shows that for 8% of the disabled persons there could not be found suitable work, 
and the quota system could not prevent their unemployment, even though in the southeast of 
England, more than elsewhere, light employment by small firms is the rule rather than the excep- 
tion. Care is required to prevent men who have no need for sheltered occupations from being 
admitted to Remploy factories and thus keeping out more severely disabled workers. On the 
whole, rehabilitation, started with the object of gaining manpower during the War, is doing 
excellent work, but the psychological factor predominates up to the age of 50; there is still lack of 
suitable sheltered work, and some misuse exists of methods of rehabilitation. Resettlement is 
much more difficult for those medically disabled than for those physically handicapped. 


E. 


SoptuM-NITRITE POISONING TREATED BY EXCHANGE TRANSFUSION. N. G. KirBy, Lancet 
1:594-595 (March 19) 1955. 


The case is described of an 1l-year-old girl who was admitted to hospital unconscious 50 
minutes after having taken one mouthful of an unknown oil. 

During the intravenous administration -of nikethamide, she was noticed to have thick, 
chocolate-brown venous blood, and methemoglobinemia was diagnosed. While an anesthetist 
gave oxygen and carried out gastric lavage, an exchange transfusion was begun. Within 40 
minutes of administration, the Forensic Laboratory reported that the oil contained 36.5% of 
sodium nitrite and that the stomach washings had 7-8 mg. of sodium nitrite per 100 ml. The 
transfusion was continued until 1700 ml. of Group O Rh-negative blood had been exchanged, 
and the patient’s condition had improved. Subsequent progress was uneventful. 

It was pointed out that, to be successful, this life-saving measure must be done by the physi- 
cian who makes the diagnosis, without waiting for an expert in exchange transfusion. 


ETHYLENEDIAMINE-TETRAACETIC ACID IN THE TREATMENT OF LIME BuRNS OF THE EYES. | 
A. Oxsava, Klin. Monatsbl. Augenh. 125:99-102, 1954. 


The reaction of edathamil (ethylenediamine-tetraacetic acid [EDTA]) with calcium hydroxide 
in the treatment of lime burns of the eye involves (1) the binding of calcium and (2) the simul- 
taneous liberation of hydrogen ion which lowers the pH. Edathamil is a useful adjunct in the 
treatment of lime burns of the eye which are otherwise difficult to treat. 


Cuem. Asst. [INpust. Hyco. Dicest.]. 


Environmental Conditions 


Noise ControLt: A PuBLICATION OF THE ACOUSTICAL SOCIETY OF AMERICA. 1: No. 1 (Jan.) 
1955. 


This is the first issue of a new publication offered by the Acoustical Society of America. 
It is directed at all those interested in the practical problems of noise control. The issue, to be 
published bimonthly, will concentrate authoritative information from many sources on the detec- 
tion, evaluation, and control of noise, wherever it may occur. 
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Illustrating the scope of interest, the first issue contains articles concerned with the funda- 
mentals of noise control, a review of hearing loss related to noise exposure, the noise reduction ot 
machines, vehicles, and in apartment houses, and the legal aspects of noise. 

In addition, articles have been included which concern the need for a criterion for the back- 
ground noise in audiometer rooms, an approach to measuring and predicting a community’s 
reaction to noise, a summary of 25 years’ research in outdoor noise, and measuring techniques for 
special noise problems. 

This publication should fill a very real gap in the field of acoustics, as interest in the problems 
of noise control has spread from the core of those specializing in the field of acoustics to other 
engineers, plant managers, architects, official agencies, and entire communities. 


Lee B. Fospick, Boston. 


IMPAIRMENT OF HEARING DuE To AIRPLANE Norse (Piston Motor). F. Kipp, Arbeits- 
physiol. 15:324-343, 1954. 

This paper, which comes from the Institute of Aviation Medicine of the German Experimental 
Station of Air Transport, records the literature on the subject of damage to hearing through 
airplane noise. Knowledge of this risk is still inadequate, and there were considerable faults in 
the experimental methods hitherto adopted for its evaluation. A technical description is given 
of the apparatus used by the author in the work here reported, and it is claimed that the 
experimental set-up which was employed gives accurate and reproducible results. In the 
experiments the noise from two different types of airplanes was analyzed, and determinations 
were made of the auditory thresholds at different vibration frequencies of persons with normal 
hearing. A number of these persons were then exposed to airplane noises for varying periods of 
time, and the auditory acuity curves were determined directly after exposure and after the lapse 
of different numbers of hours. The auditory thresholds of a number of aviators who had 
experienced many hours of flying time were also determined. 

The main conclusions are that (1) the temporary deafness which followed the exposure of 
persons with normal hearing to a standard noise intensity showed individual variation both as 
regards the extent of the deafness and also of its type and (2) no permanent deafness was 
found to occur in aviators until after they had had about 2000 to 3000 flying hours. In these 
aviators also a marked individual variation was noted. 

It is considered that deafness resulting from long service in flying should be regarded, from 
the industrial insurance standpoint, as an industrial disease. 


M. E. Devarietp [Butv. Hyc.]. 


Determination of Air-Borne Contaminants 


FILTER MEDIA FOR AIR SAMPLING. LEsLiE A. CHAMBERS, Indust. Hyg. Quart. 15:290 (Dec.) 
1954. 


Properties of filter media are discussed in relation to specific air sampling requirements. 
Data on collection efficiency, pressure loss, nature of particle deposition, and adaptibility for 


chemical, petrographic, and roentgenological analyses are furnished for mineral, natural, and 
synthetic fiber. RicHARD DENNIs, Boston. 


AEROSOL CONTAMINANTS: MEASUREMENT AND IDENTIFICATION BY MICROSCOPIC AND X-RAY 


DIFFRACTION TECHNIQUES. ViotET C. SHORE and Morris Katz, Indust. Hyg. Quart. 
15:297 (Dec.) 1954. 


This paper discusses results of examination of inorganic materials sampled in the Greater 
Windsor-Detroit area. Comparison of x-ray diffraction and spectrographic data showed good 
correlation, and microscopic studies (light-field and electron microscope) revealed characteristic 
shapes and aggregate forms typical of air-borne dust from industrial areas. Nature of several 
air-borne contaminants is illustrated by photograph. 


RicHARD DeENNIs, Boston. 
REDUCTION IN APPARENT PARTICLE CONCENTRATION WITH MULTIPLE STROKES OF THE 
Owens Jet Dust Counter. J. K. DonoGuueE and C. Mack, Brit. J. Appl. Phys. 4:316- 
317 (Oct.) 1953. 
In sampling cotton-mill dust by the Owens counter, it was observed that the apparent con- 
centration per pump stroke diminished as the number of strokes increased. The difference proved 
statistically significant for each of the seven size groups between 0.46 and 5u; too few particles 
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larger than 5 were present to lead to a conclusion. The observed effects are tentatively attributed 
to the blowing-off noted by Davies and associates (Bull Hyg. 27:438, 1952), and a simple 
method of constructing a correction curve, based on certain assumptions and approximations, is 


suggested. J. McK. [Bu tt. Hye.]. 


A PartTICLE-PRroFILE Test STRIP FOR ASSESSING THE ACCURACY OF SIZING IRREGULARLY 
SHAPED PARTICLES WITH A Microscope. H. H. Watson and D. F. MuLrorp, reprinted 


from “The Physics of Particle Size Analysis,” Brit. J. Appl. Phys., Suppl. 3, pp. 105-108, 
1954. 


The authors prepared the test strip by photographic microreduction of tracings of magnified 
(Xx 1000) coal-dust particles, calculated their mean projected diameters, and asked nine observers 
to estimate the sizes of selected particle profiles in terms of circles of a Patterson-Cawood 
graticule. The accuracy and consistency of the estimations are summarized. Five observers under- 
estimated the sizes and four overestimated, and all were consistent in the direction of their bias. 
The usual trend is toward oversizing, and the opposite finding in this experiment may be due 
to the fact that all of those who undersized were experienced observers and had made over- 
correction for the usual bias. Extreme bias in either direction tended to increase with decreasing 
particle size, but for average observers this effect was small. The score of correct estimates was 
not generally dependent on the time taken by an observer. The authors conclude that their 


method gives a quantitative estimate of observer bias, which may be reduced or eliminated by 
Max Bart, Boston. 


A Size-SeLectinc SAMPLER FOR AIRBORNE Dust. B. M. Wricut, Brit. J. Indust. Med. 
11: 284-288, 1954. 


An ingenious portable sampling instrument is described, which was designed to separate 
oversize dust particles from those in the respirable size ranges. Air in streamline flow passes 
through an elutriator section of stacked aluminum plates forming 118 flat horizontal ducts, 
then through a critical orifice with tapered outlet, and finally through a Soxhlet thimble filter. 
The sampling rate is 100 liters per minute and is constant so long as a vacuum of at least 100 mm. 
Hg is maintained beyond the filter. Vacuum is created either with compressed air by means of 
a built-in air ejector or by attaching a suitable electric pump (about % h.p.). 

The elutriator section was designed to collect 50% of particles of unit density 5« in diameter. 
Tests with clouds of Pyrex glass spheres showed good agreement between the actual and the 
theoretical cut-off curves. No change in the cut-off size was observed even after heavy loading 
of the elutriator plates. 

The instrument should be useful in collecting bulk samples of “respirable” dust for analysis, 
especially in exposures to dust particles having fairly uniform densities. The instrument has been 
dubbed “hexhlet” and is to be made by Messrs. C. F. Casella & Co., Ltd. 


K. W. NEtson, Salt Lake City. 


A Stupy oF THE Leitz TyNpDALLOMETER. G. BrooMHEAD and J. T. Burpekin, Research 
Report 61, Safety in Mines Research Establishment, British Ministry of Fuel and Power, 
February, 1953. 


The authors compare measurements of air-borne dusts by means of the Leitz Tyndallometer 
with those obtained (1) gravimetrically, (2) by microscopic counting of particles between 0.5 
and 5z, (3) by calculating the surface areas of particles below 5 from microscopic counts. For 
both (2) and (3) the counts were based on thermal precipitator samples. The conclusions drawn 
are based on statistical arguments. 

For dusts from any one source, the correlation coefficients between Tyndallometer readings 
and each of the other measurements are high and significant. The regression coefficients and the 
scatter of individual readings about the regression lines vary widely and depend on the source 
of dust. The calculation of dust concentration from Tyndallometer readings, with these regression 
lines, is then outlined, and the error due to the scatter of the experimental points about the 
regression line is quoted. (In correspondence with the reviewer one of the authors [Broomhead] 
apologizes that ¢ is incorrectly stated to be the standard deviation of the regression coefficient ; it 
is, in fact, the standard deviation of the experimental points about the regression line. The 
error of the regression coefficient is neglected.) The error is also given as a percentage of the 
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value corresponding to the mean of the Tyndallometer reading used in deriving the regression 
line. Under mine conditions this percentage error is always greater than 20; in one instance 
it is 98% for the gravimetric concentration, and in another 63% for the numerical concentration 
and 70% for the surface area. At concentrations below the mean used in calibration, the per- 
centage errors will therefore be very large indeed. 

These results are discussed in relation to those of Wynn and Dawes (Safety in Mines 
Research Establishment Research Report 28, 1951) and also in relation to the variation of size 
distribution with concentration as each is modified by mining operations. 

A further trial was carried out with the instrument closed, the dust entrapped being allowed 
to settle for one minute before readings were taken. In spite of the fact that in still air particles 
above about 5# would have fallen below the light beam, the correlations with the number and 
surface area of particles below 54 were not as high as those of the unsettled clouds. This anomaly 
was not further investigated. 

In conclusion, the authors state that the instrument is easy to operate once set up and, after 
calibration against a thermal precipitator, is useful for measuring rapidly fluctuating dust con- 
centrations. On the other hand, it will give spurious readings if fumes or mists from mine opera- 
tions are present, and is too heavy and cumbersome for routine work. Various modifications are 
suggested. 

In an appendix by M. Berek, K. Mannchen, and W. Schafer (of the Physical Laboratories of 
the company manufacturing the instrument), a laboratory calibration of the Tyndallometer using 
a number of different dusts ground to the same degree of fineness is described. Highly consistent 
results were obtained. The instrument is also described, and instructions for its use are given. 

(This paper gives a valuable assessment of trials of the Tyndallometer but it is too detailed to 
be of general interest. The statistical material is largely presented in terms of statistical 
parameters and constants. It would help the layman if the conclusions drawn from them were 
clearly stated, and their implications and limitations outlined.) 


J. McK. Ettison [Butt. Hyc.]. 


Ventilating, Air Conditioning,-and Engineering Control 
Exuaust FoR Hot Processes. W. C. L. HEMEon, Heat. & Vent. 51:83-90 (Aug.) 1954. 


The design of exhaust hoods for hot processes involves problems not encountered in ordinary 
exhaust ventilation. This paper deals with these problems, two of the most important of which 
are convection currents and thermal head. Mathematical discussion of these factors is given, 
and applications are made both to canopy hoods and to exhaust enclosures. The paper is based 
on a chapter in the author’s forthcoming book on Plant and Process Ventilation. 


Inpust. DiGceEst. 


INVESTIGATIONS ON StopPING Dust Explosions BY STONE Dust BARRIERS. WACLAW 
CysButskI, Report 89, Safety in Mines Research Establishment, Ministry of Fuel and Power, 
H. M. Stationery Office, July, 1954. 


This paper is a translation into English of Dr. Cybulski’s comprehensive report on the Polish 
experiments with stone-dust barriers. It amplifies the short account of these experiments given in 
S. M. R. E. Research Report 51, “Stone Dust Barriers: A Precaution Against Explosions in 
Mines.” 

1. Investigations on stone-dust barriers were carried out in a roadway of the experimental 
mine. Coal-dust explosions, ranging from the weakest to the strongest, were used. The strength 
of the source of ignition was also varied considerably. 

2. Various types of stone-dust barriers used in mines, including some barriers developed by 
the Bureau of Mines, were tested. Defects in the operation of these barriers were discovered. 

3. On a basis of these results, the requirements for the efficient operation of dust barriers 
were formulated. 

4. Types of barriers which stopped all the various kinds of coal-dust explosions were designed. 


5. It was shown not only that stone-dust barriers could stop explosions at a short distance 
(30 to 40 meters) from the source of ignition but also that they did so more easily than at 
greater distances (80 to 100 meters). 


6. The quantity of stone dust with which a barrier should be loaded was determined. 
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7. The optimum distances between the units of a barrier were ascertained. 
8. Barriers charged with common-salt dust, suggested by Prof. R. V. Wheeler, were tested. 


From THE AUTHOR’S SUMMARY. 


CoaGuLaTIon oF Dust sy Satt AEROSOLS CONTAINING TRIETHYLENE GLYCOL. L. DAUTRE- 
BANDE, H. BECKMANN, and W. WALKENHORST, Beitr. Silikose-Forsch. No. 29, 1-16, 1954. 


The authors have previously demonstrated that dust coagulation by salt aerosols takes place 
in the form of droplets at high relative humidities (over 75% saturation). This was deduced 
from the appearance of electron-microscope illustrations, which showed round aggregates of par- 
ticles with dust-free rims corresponding to the water layers which had vanished. At low relative 
humidities, with coal dust and salt aerosol, this effect was not observed. In order to produce it at 
low relative humidities, a mixed spray of sodium chloride (5 or 2.5%) and triethylene glycol 
(TEG) (1 or 2.5%) was used under the same test conditions as described previously (Bull. Hyg. 
28:718, 1953; 29:827, 1954). 

A number of electron-microscope illustrations are shown, which demonstrate that with the 


strongly hygroscopic TEG and coal dust the droplet effect was observed at relative humidities 


down to 35%. G. Nacetscumipt [Butt. Hye.]. 


Accidents and Their Prevention; Protective Equipment 


AND Explosion Hazarps Static Evectricity. R. C. SMart, Occup. Safety & 
Health 3 :66-76 (April-June) 1953. 


This paper describes in a very elementary manner the origins of static electricity and 
stresses its importance in initiating explosions of inflammable gases and dusts. The particular 
dangers arising in handling dusts and the importance of earthing equipment are emphasized, and 
a number of examples cited. Methods of measurement and control are outlined. For those 
unfamiliar with explosion risks the author gives a salutary warning. 


J. McK. Etttson [Butt. Hyc.]. 


ALUMINIzED CLotHinc—To Give Heat THE Bounce. Safety Maint. & Prod. 109:18-20 
(Jan.) 1955. 


Asbestos clothing has the disadvantage of excess weight. Several attempts to produce 
aluminized clothing have been unsuccessful, but a method has been finally found in which the 
aluminum is deposited on the fabric in a very thin layer and securely bonded. Garments made of it 
give better protection than the conventional type, are lighter by half, are readily flexible, last 
longer, and are more resistant to wear by abrasion. The superiority of the aluminized fabric to 
plain fabric is shown in a table. Aluminized clothing has been produced in quantity for only a 
short time. It cannot yet be judged on a long-term basis, but initial results have been impressive. 


Inpust. DiGceEst. 


PROPERTIES AND ESSENTIAL INFORMATION FOR SAFE HANDLING AND USE OF METHYLAMINES. 
Chemical Safety Data Sheet SD-57, Manufacturing Chemists’ Association, Inc., Washington, 
1955. 


Anhydrous methylamines and aqueous methylamine solutions are classified by the Interstate 
Commerce Commission as flammable compressed gases and flammable liquids, respectively. These 
chemicals are not a serious industrial hazard, provided that workers are effectively instructed 
and adequately supervised in the proper handling of same. As yet, no data are available on 
maximum allowable concentrations. 

Precautions necessary in handling these materials are detailed in the body of the Safety 
Data Sheet. Key points to observe include the following: 

1. Direct contact of methylamines with mercury can produce an explosive reaction; there- 
fore, instruments containing mercury should not be used where there is a possibility of contact 
either directly or through accident or breakage. 

2. Keep away from heat, sparks, and open flames. 

3. Provide adequate ventilation. 
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4. Ground equipment and containers before discharging to reduce danger of ignition from 
static sparks. 

5. All iron and steel construction is recommended for tanks, pumps, piping, valves, and other 
equipment subject to contact with liquid or gaseous methylamines. 


6. Methylamines are irritating to the lungs and upper respiratory tract. Direct contact with 
skin and mucous membranes may cause burns. Both the liquid and the vapor are highly irritating 
to the eyes. Exposed workers should be provided with, and required to use, the recommended 
personal protective equipment as necessary to the particular operation. 


7.In the event of accidental leaks and spills or whenever excessive concentrations may be 


encountered, only personnel equipped with approved respiratory protection should be permitted 
in the contaminated area. 


8. Chemical safety goggles should be worn when discharging containers or tank cars or 
whenever there is a danger of the liquid or saturated vapor coming in contact with the eyes. 

In case of fire, carbon dioxide, water fog, or dry chemical extinguishing equipment can be 
used. In the event of contact with the liquid, remove contaminated clothing immediately. For 
eyes, flush immediately with large quantities of water for at least 15 minutes while medical 


attention is being sought. From tHe AutHors’ SuMMARY. 


SomE MEDICAL CONSIDERATIONS IN THE OCCUPATION OF DRIVING Roap VEHICLEs. L. G. 
Norman, Tr. A. Indust. M. Off. 4:3-16 (April) 1954. 


The material drawn upon in this lecture is the record of the London Transport Executive 
which employs 23,000 drivers. In London the licensing authority for drivers of passenger 
vehicles demands a careful preliminary examination before a license is granted and further 
medical examination at the ages of 50, 56, 62, 65, and annually thereafter. The Transport 
Executive also examines the drivers after sickness, absenteeism, and the occurrence of such 
diseases as vertigo, fainting, or epilepsy. For buses the average number of vehicle miles traveled 
per accident is given as 154,000, as compared with 43,000 for motorcycles. The more phlegmatic 
types of personality are likely to make better drivers. Special attention is paid to the senses of 
sight and hearing, particularly to sight. Drivers in a number of serious accidents were found 
to have the sight of one eye defective, a fact of which they might be quite unaware. 

The visual acuity of accident-free drivers was significantly better than that of accident 
repeaters. Defective vision should not be accepted as a defense in cases of dangerous driving. A 
driver should also be aware that his hearing is defective. A series of cases are instanced to show 
how impaired sensibilities, often well-known, have led to accident after accident. Vehicle driving 
is today a highly responsible task which professionals carry out with care. Adequate rest before 
driving is needed. 


E. L.. Corns. 
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Airborne Contagion and Air Hygiene. By William Firth Wells. Price, $6.00. Pp. 423, with 
85 illustrations. Harvard University Press, Cambridge 38, Mass., 1955. 


To use his own words, Professor Wells presents in this volume “a coherent hypothesis of 
airborne contagion.” His treatment, unhappily, is so coherent that the adjective “rigid” would not 
be misapplied, and much of what is said is indeed quite hypothetical. The book is no more readable, 
and the truths which it states are rather less readily assimilated, for being clothed in the uncom- 
fortably heavy armor of formal logic; a controversial statement becomes even more controversial 
when it is set up as a “postulate,” and plain facts do not gain in weight by being decked out in 
the barbaric splendor of the academic style of writing. 

Nevertheless, tie book is indispensable to the student of air hygiene. The physical laws 
which underlie the genesis, dissipation, and implantation of air-borne germs are stated explicitly 
and forcefully in precise mathematical terms. The author’s erudition is balanced by his broad 
approach to the fundamentals of the numerous sciences, exact and biological, on which he 
necessarily draws. The experimental approach, in which the author has so greatly distinguished 
himself, is given the weight which it requires, and Part II, entitled “Air Hygiene,” deals 
exhaustively with the theoretical and practical aspects of the prevention of air-borne infectious 
disease. The critical reader may not accept the basic thesis of the book, the concept that man can, 
and should, be born, reared, and maintained under strictly aseptic precautions, but he cannot 
help benefiting from a careful study of the very ably presented arguments of one of the out- 


standing apostles of that faith. er 


Mortality and Morbidity During the London Fog of December, 1952. Price, 2 shillings 
6 pence. Pp., 60. Ministry of Health, Her Majesty’s Stationery Office, London, 1954. 


This slender report of 60 octavo pages describes in detail the circumstances of the London 
fog of December, 1952, which was responsible for between 3500 and 4000 deaths. It is likely 
to remain for many years a “source book” for those concerned with the effects on health of air 
pollution. 

The primary cause of the persistent fog which lasted for four days from Dec. 5 to 8 was 
the absence of any pressure gradient and an almost complete absence of wind in the Thames 
Valley. A prolonged calm of this duration is rare in the British Isles. These conditions produced 
a temperature inversion which not only prevented the dispersal of the fog into the upper atmos- 
phere but also allowed dangerous concentrations of the products of combustion to accumulate. 
The suspended matter in the air provided nuclei for the deposition of further particles of moisture, 
and the fog in London itself was therefore more dense than in the rural areas adjacent to the 
city. Meteorological observations 50 miles north of London showed that the temperature 
inversion there extended up to 500 to 1000 ft., and airplane pilots landing at London airport on 
Dec. 8 when the fog was clearing estimated the top of the fog to be at 250 to 300 ft. The report 
gives details of six previous episodes since 1873 in which the death rates from all causes, and in 
particular from bronchitis, increased suddenly during and immediately after prolonged fog. 
In no case, however, did the increase approach that experienced on this occasion. 

Continuous records of air pollution in greater London have been kept for a good many years. 
These include daily records of sulfur dioxide (parts per million) and suspended matter (milli- 
grams per cubic meter) from 12 stations and monthly records of sulfur dioxide from 116 stations 
estimated by the lead peroxide candle method. 

During the fog the maximum sulfur dioxide concentration reached 1.34 ppm, and the maxi- 
mum amount of suspended solid matter reached 4.46 mg. p.cu.m. A map showing areas with 
different degrees of pollution and also showing the increase in deaths in the different boroughs 
demonstrates a fairly close association between the amount of pollution and the increase in 
mortality. 

Deaths plotted by day of occurrence show that the increase in the death rate occurred within 
24 hours of the onset of the fog and that it continued high for two weeks. Because of the wide 
distribution of the deaths among a population of some 8,000,000, physicians and hospital staffs 
were not aware at the time of the great increase in death rates caused by the fog, and it was not 
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until the death certificates were assembled and analyzed by the Registrar of Deaths that the 
magnitude of the disaster which had befallen London was realized. 

An analysis of the causes of death given on the death certificates shows the diseases for which 
the death rate increased. The following tabulation shows the numbers of deaths from certain 
causes in the week of the fog compared with the previous week. 


Week of Previous 
Week 


Respiratory tuberculosis 
Cancer of the lung 
Vascular lesions of the central nervous system 
Coronary disease 
Myocardial degeneration 
Influenza 

Pneumonia 

Bronchitis 

Other respiratory diseases... 
Motor-vehicle accidents...... 
Suicide 


It will be seen that a wide variety of diseases showed a markedly increased death rate but 
that respiratory diseases, and in particular bronchitis, showed the greatest increase. All age 
groups showed some increase in death rate, but those over 45 years suffered most. 

A histological examination of the lungs of eight persons dying in the fog was made and 
showed the following changes in the larger bronchi: 


(a) Shedding of the columnar epithelium in whole or in part. 


(b) Capillary engorgement of the subepithelial layer combined with a cellular infiltrate of 
a few polymorphonuclear cells, lymphocytes, plasma cells, and histiocytes. 

(c) Active stimulation of the mucin-secreting bronchial glands leading to the production of 

excessive quantities of mucin. 
Tt may be noted that similar pathological changes were found in the 10 postmortem examinations 
of persons dying in the Meuse Valley fog episode (Firket, J.: Sur les causes des accidents 
survenus dans la vallée de la Meuse lors des brouillards de Décembre, 1930, Bull. Acad. roy. 
méd. de Belgique 11:683-741, 1931). In the five autopsies carried out as a result of the Donora 
Valley smog (Schrenk, H. H.; Hermann, H.; Clayton, G. D.; Gafafer, W. M., and Wexler, 
H.: Air Pollution in Donora, Pa., Bulletin 306, Federal Security Agency, U. S. Public Health 
Service, 1949), the findings were essentially similar, although the terminal bronchi, bronchioles, 
and lung parenchyma appear to have been more affected. 

Some information on morbidity was also available from the London disaster. During the 
week ending Dec. 16, the claims for sickness benefit under National Health Insurance reached 
208% of the average of the previous three years for these weeks. There were some 9000 claims 
in excess of the expected number. Hospital admissions in the London area rose from approxi- 
mately 750 acute cases daily (including 175 cases of respiratory disease) to a peak of 1110 on 
Dec. 9, of which 460 were cases of acute respiratory disease. Some general practitioners con- 
tributed interesting data to the report. Dr. Fry (Fry, J.: Effects of a Severe Fog on a General 
Practice, Lancet 1:235-235, 1953), of Beckenham, a suburb of London, reported that of 105 
patients in his practice known to suffer from chronic bronchitis, asthma, or bronchiectasis 37 

were adversely affected by the fog and 2 died. Ninety per cent of the patients were over 50 
' years of age. Signs and symptoms arose from the following: mucosal irritation, producing 
cough and sputum; bronchial obstruction, causing dyspnea, cyanosis, and loud rhonchi; cardiac 
failure in the more elderly, and fever and constitutional upset. Dr. Brian Rhodes saw 12 
patients, all of whom were between the ages of 60 and 83. There was bronchial spasm in all 
cases and fever in 10. Several of his patients known to have severe chronic bronchitis, asthma, 
hypertension, and heart disease went straight to bed when the fog came and remained relatively 
unaffected. 

The account of the London fog disaster is unique, insofar as data on morbidity, mortality, 
air pollution, and meteorological conditions were collected before, during, and after the episode. 
Because of this it was possible to ascertain the qualitative and quantitative effects of this type 
of intense air pollution on the health of a large population. 


Joun Pemserton, M.D., Boston. 
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Handbook of Emergency Toxicology. By Sidney Kaye. Price, $5.75. Pp. 303, with 12 
figures. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1954. 


This handbook is one of the well-known American Lecture Series and covers a field of vital 
interest. The material is divided into three sections: Section I contains the description of the 
symptoms and signs produced by various poisons, their antidotes, and methods of analysis; 


Section II enumerates the sources of poisons; Section III has an alphabetical listing of 145 
poisonous materials. 


In general, the monographs on poisons include name, formula, synonyms or derivatives, uses, 
properties, M. L. D. (for 160 lb. man), remarks, symptoms, identification, and treatment. The 
incorporation of trade names adds to the value of the extensive index. 


Although the human M. L. D. of any drug is rarely established with any certainty, the author 
is to be praised for including these to serve as a guide. Spectrophotometric identification of 
some compounds is suggested. The maximum and minimum absorbancy values are the basis 
for this method of identification. It would have been more helpful to give these values at more 
than one pH where the shift in spectrum could serve in the identification. Although the toxic 
blood levels for barbiturates are controversial and are dependent upon the particular barbiturate, 
it would be helpful to include these values. In the monograph for bismuth on page 126, the 
term “synonyms” is incorrectly employed; this should be “derivatives.” 


The author’s objective was to prepare a book intended as an aid to the physician in the 
differential diagnosis of poisons and as a guide in the treatment of the commoner poisons. The 
author has reached his objective, and the text should be very useful to the physician. The 
analytical procedures are clear enough to be of aid to the laboratory technician in the identifi- 


cation of toxic agents. Artuur J. McBay, Ph.D. 


RIcHARD Forp, M.D. 


Factors Affecting the Costs of Hospital Care. Edited by John H. Hayes. Price, $4. Pp. 300. 
The Blakiston Company, Inc. (Division of McGraw-Hill Book Company, Inc.), 330 W. 
42d St., New York 36, 1954. 


In 1951 an independent, nongovernmental agency, the Commission on Financing of Hospital 
Care, was established to study the current problems involved in financing modern hospital care 
at the lowest possible cost to the public and to formulate recommendations fcr the so‘ution 
of these problems. This volume, the first of three publications on the work of the Commission, 
presents in 14 chapters the facts and findings on the many and varied factors affecting the costs 
of hospital care and the conclusions reached by the Commission. It contains much new 
information, as well as previously published material, on the reasons for the marked increase 
in the operating costs of hospitals. It offers an abundance of detailed suggestions for control 
of expenditures and more economical utilization of the expensive facilities, reemphasizing and 
elaborating upon opinions repeatedly stated by leaders in the fields of hospital administration 
and community health organization. The analysis and the recommendations are confined to 
general hospitals and especially nonprofit, short-term community hospitals, thereby giving only 
a partial picture of the total situation. The complexity of the financial problem confronting these 
hospitals—and the public whom they are to serve—is evident from the length of the summary— 
more than 13 pages. As effectiveness of personal health services for industrial workers depends 
to a considerable degree on availability of good general hospital care at reasonable cost, this 
volume should be studied carefully by executives of industrial companies as well as by 
specialists in occupational medicine. 


FrANz Go_pMANN, M.D. 
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AIR POLLUTION IN FLORIDA 


An outstanding example of air pollution 
occurred around the phosphate-treating 
plants in central Florida, according to 
Florida’s Division of Industrial Hygiene. 
Here, the general practice used to be to mine 
rock and ship the raw phosphate to Northern 
plants for treatment. The present procedure 
is to treat the rock in Florida and to ship 
the concentrated product, thereby saving 
transportation charges on inert material. 
Treatment of the rock requires large volumes 
of sulfuric acid, and it has been found profit- 
able to make the acid locally. At least six 
companies are now engaged in the manufac- 
ture of sulfuric acid by the contact process. 
Five of the sulfuric acid plants are in an 
area about six miles in length. For a distance 
of about half a mile around each plant there 
has been marked destruction of pine trees 
and some slighter damage to other vegeta- 


tion. In addition, there have been many 


AN INDUSTRY HEALTH PLAN 


Fulton County, Georgia, physicians have 
agreed to join forces with business, industry, 
and labor in an industrial health program 
that eventually may cover 150,000 people in 
Greater Atlanta. 

The board of trustees of the Fulton County 
Medical Society voted to cooperate with the 
Industrial Health Council of Greater Atlanta, 
which plans to launch this fall a program of 
education and health tests among employees 
of business and industrial firms. 

Mass tests will be given to screen em- 
ployees for certain health problems, such as 
heart ailments, tuberculosis, cancer, diabetes, 
[17] 


Health News 


complaints of throat and mucous membrane 
irritation alleged to be due to the inhalation 
of fumes from the manufacture of sulfuric 
acid and its use in processing phosphate rock. 


At the request of the local county health 
department, visits were made to five of the 
phosphate companies. A meeting was held 
with the management of these plants, at 
which they were formally advised of the 
complaints. They were informed that a study 
would be made of the surroundings of each 
plant to determine the amount of sulfur 
dioxide which was being given off from their 
stacks. A method was selected for field deter- 
minations of sulfur dioxide and tested in the 
laboratory. Because of the personnel short- 
ages, and because the condition occurred late 
in the year, it was possible to make only a 
few preliminary studies. The remainder of 
the study is continuing in 1955. 


anemia, and vision defects. If a disease or ill- 
ness is uncovered, the employee will be re- 
ferred to a private physician for treatment. 

Objective of the program is to find dis- 
eases before they cause severe illnesses, loss 
of jobs, and death. 

Dr. Christopher J. McLoughlin, board 
chairman of the Industrial Health Council, 
said the medical society has been asked to 
help set up and supervise medical procedures 
as a public service. 

Funds for initial study and organization of 
the program were provided by about 30 
Atlanta business and industrial leaders. They 
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met at the invitation of James D. Robinson 
Jr., Chairman of the Board of the First 
National Bank of Atlanta, and formally 
pledged backing of the program. 


The Industrial Health Council, a nonprofit 
community organization, is made up of rep- 
resentatives of management, labor, and the 
professions. The council's proposed program 
is designed to cover white-collar workers as 
well as employees of industrial plants. 

This is how the basic plan would work: 


A trained team of medical technicians with 
mobile equipment will be sent to plants and offices 
once a year to screen the employees with various 
health tests. 


The individual employee can decide whether or 
not to take the tests (nearly 100% of those in 
Birmingham take them) and findings will be made 
known only to the employee, not to his employer. 
When an employee shows signs of trouble, he will 
be rechecked and then referred to a physician of 
his choice. 
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The company will pay for the group test (about 
$5 a year per employee) but the employee will 
pay for any necessary treatment. 

The council also will conduct an extensive pro- 
gram of health education to teach the importance 
of prevention of disease. 


Early organizational work by the council 
was made possible through the support of 
Joseph E. Birnie, president of the Bank of 
Georgia; William D. Ellis, president of 
Southern Mills; Dan Garson, treasurer of 
Lovable Brassiere Co., and Jack Crowder, 
Southern division production manager, Clu- 
ett, Peabody & Co. Many other businessmen 
assisted with the organization. 

Besides Dr. McLoughlin, chairman of the 
board, and Samuel Candler, president, offi- 
cers of the Industrial Health Council are: 
John A. Dunaway, president-elect ; Dr. Les- 
ter M. Petrie, secretary, and Frank T. Davis, 
treasurer. 


From The Atlanta Constitution. 


A NEW STANDARD FOR PLACES OF EMPLOYMENT 


Employees working in stores and offices 
are entitled to the same minimum sanitary 
facilities as those in manufacturing estab- 
lishments. This is the principle recognized 
in the 1955 edition of the “American Stand- 
ard Minimum Requirements for Sanitation 
in Places of Employment, Z4.1-1955.” The 
new standard is a revision of a 1935 edition, 
which applied only to “places of employment 
in which articles are manufactured, repaired, 
cleaned, sorted or renovated . . . for profit, 
sale or compensation.” Now the only places 
omitted from the minimum sanitation re- 
quirements are those in which only domestic, 
mining, or agricultural work is performed. 


In revising the 1935 edition, Sectional 
Committee Z4 made a thorough reappraisal 
of its recommendations. It is the opinion of 
the committee that the new edition is now 
well suited to help keep places of employment 
in a healthful condition. It recommends that 
employers use the standard to check sanitary 
conditions in their own plants, offices, and 
568 


work shops. The committee also believes the 
standard is well suited for use as a guide 
when new work places are being built or 
existing ones expanded. For example, how 
many wash basins should there be if a com- 
pany employs 20 women? Should shower 
baths be supplied? When are dressing rooms 
needed? These and other similar questions 
are answered in the standard. 


To make it easy to use the standard, the 
material has been rearranged and set up 
conveniently under major headings. These 
headings indicate the type of information 
included: General requirements; light and 
ventilation; water supply; toilet facilities; 
washing facilities; change rooms; retiring 
rooms for women; lunch rooms, and food 
handling. 


The provisions contained in the standard 
are not voluminous but present in usable 
form the fundamental principles to insure a 
sanitary environment. Included is material 
covering design, construction, and mainte- 


[18] 
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nance aspects. Where greater detail might 
be of interest, reference is made to authorita- 
tive guides covering specific subjects. 
Deleted from the new standard, however, 
are all references to the control of toxic 
vapors, fumes, gases, and dusts, since these 
represent specific problems which the Com- 
mittee considered to be outside the scope of 
this document and which can be covered 
adequately only by special regulations. 
The United States Public Health Service 


is the sponsor of this Standard, as it was of 


A PLACE FOR EVERYTHING 


An investigation of a plant in River 
Rouge, Mich., was made by the Division 
of Occupational Health of the Michigan 
Department of Health at the request of the 
fire-prevention officer since on a previous 
survey he had noticed strong concentrations 
of solvent vapors at the operation where 
fiber board panels were being coated and 
then sent through a drying oven. 

The ventilation appeared adequate during 
this investigation, and no reason could be 
found for the solvent concentrations being 


ENVIRONMENTAL NOISE STUDY 


Special Equipment 


An activity of the Occupational Health 
Field Headquarters, now in progress, in- 
volves a study of the effects of noise on 
hearing. Preliminary work is being done 


with a group of workers employed in industry 
at four Federal penitentiaries. 


The over-all study involves both audio- 
metric tests of the men involved and detailed 
analysis of the workers’ noise environment. 

The men being studied are employed in 
making wooden and steel furniture, steel 
shelving, shoes, brushes, clothing, cotton, and 
woolen textiles and in printing operations. 

Making studies of noise levels in the vari- 
ous work places requires extensive and heavy 
(19) 


the 1935 version. Public Health Service 
participation is based, of course, on the vol- 
untary nature of the Standard and its use, 
where adopted, is subject to the requirements 
of Federal, State, or local authorities in the 
exercise of regulatory authority. 


Copies of the new Z4.1-1955 “American 
Standard Minimum Requirements for Sani- 
tation in Places of Employment” can be pur- 
chased for 50 cents a copy from the Ameri- 
can Standards Association, Inc., 70 E. 45th 
St., New York 17, N. Y. 


as high as the fire-prevention officer indi- 
cated. 

On a subsequent visit, which came as a 
surprise to the paint department foreman, 
the operators were found to be spray- 
painting in an adjoining room with no facili- 
ties for exhausting the solvent vapors given 
off. This was undoubtedly the source of the 
high solvent concentrations. 

Recommendations pertaining to the con~ 
trol of the hazard were submitted to plant 
management. 


equipment, including sound level meter, 
octave band analyzer, calibrating devices, 
tape recorder, microphones, and repair equip- 
ment. 

This equipment must be moved from peni- 
tentiary to penitentiary by car and must be 
moved around inside each location so it can 
record sound levels at the stations of the 
various workers. A special cart, collapsible 
for easy transport by auto yet strong enough 
to carry the equipment, was designed to meet 
the situation. 

The cart herein described was a Service 
Cart, Catalog No. 3030, Lyon Steel Equip- 
ment Company, modified in the following 
manner : 

The cart was disassembled into six parts: 
top and bottom shelf, and four legs. Two legs 
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were paired off and bolted together by means 
of two 1534 in. lengths of 141% in. 
angle iron; one located 3 in. from the top of 
the legs and the other 9 in. from the bottom 
of the wheels. The angle irons act as sup- 
ports for the two shelves and cause each 
set of legs to form a rigid end support for 
the cart. 

The bottom shelf was prepared by brazing 
reinforcing material in each of the four cor- 


ners for rigidity. Two pins, %%o in. in diam- 
eter and ™% in. long, were brazed to the 
bottom of the shelf along the short sides and 
located so as to mate with holes in the angle 
irons. These hold the two support pieces to 
the bottom shelf and allow easy removal and 
assembly of the bottom shelf. 


The top shelf was prepared by fastening 
four 2X3 % in. pieces of bar stock to the 
outside top of the four legs, permitting the 
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top shelf to fit snugly on the two support 
ends. Four % in.-20X ™% in. bolts with wing 
nuts placed through the support pieces and 
top shelf prevent any possibility of the cart 
collapsing accidentally. 


This basically describes the collapsible 
cart, which has many applications. For work 
in sound level measurements, it was desir- 
able to include the microphone boom. 


The boom mount is a 134 in. alum- 
inum block with a ™% in. diameter hole 
located parallel to the broad face of the block. 
The block is attached to the short side 
(inside) of the top shelf in such a manner 
that the hole is positioned vertically. A set 
screw passes through the shelf and into the 
block to prevent rotation of the % in. alum- 
inum rod, 2 ft. long, which rests in the 
support block and forms the mast of the 
boom assembly. 


Near the bottom of the mast section is a 
double split clamp which holds the 4 ft. long 
Y% in. diameter horizontal section. This 
clamp allows for adjustments in height and 
length of the boom. At the far end of the 
horizontal member is a similar double split 
clamp which supports an 8 in. long % in. 
diameter aluminum rod, one end threaded 
¥% in.-20, on which is placed the microphone 
base. An % in. diameter steel cable is sus- 
pended between double clamps at the top of 
the mast section and similar double clamps 
at the end of the boom. The cable alleviates 
possible strain on the double clamps at the 
bottom of the mast section. 


The equipment has functioned satisfactor- 
ily carrying approximately 250 lb. of equip- 
ment. It takes less than 15 minutes to as- 
semble. 


A. M. A. 
\ 
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AN ODOR PROBLEM WITH DUCTILE IRON 


The Occupational Health Program of the 
United States Public Health Service recently 
was asked to investigate an odor, noted by 
workmen machining a relatively new alloy 
known as “ductile iron.” The machinists, 
according to a report, complained of an 
objectionable odor from a gas or vapor 
apparently produced during the machining 
process. 


Ductile iron is essentially gray cast iron 
to which a small amount of magnesium has 
been added. The addition is made to the 
molten iron in the ladle by introducing 1% 
or 2% of an alloy which contains approxi- 
mately 15% magnesium. Other elements in 
the additive are nickel, copper, and silicon. 
Much of the magnesium is vaporized, burned, 
and lost as magnesium smoke. 


The normal residual magnesium in ductile 
iron is about 0.05% to 0.07%. This small 
amount of magnesium causes a definite 
change in the crystalline structure of the iron 
and imparts desirable properties for machin- 
ability. 

When freshly machined surfaces or fresh 
fractures of ductile iron come into contact 
with moisture, an odor very similar to that 
of commercial acetylene is produced. This 
does not occur when cutting-oils free of 
water are used for machining. 


Traces of the residual magnesium in the 
metal are believed to be present as mag- 
nesium carbide, which would react with the 
water to produce acetylene. 


Acetylene is itself odorless. The odor of 
acetylene produced from calcium carbide is 
due to hydrogen sulfide, arsine, and phos- 
phine. These are produced from the respec- 
tive sulfide, arsenide, and phosphide present 
as impurities in the calcium carbide. 

While sulfur, arsenic, and phosphorus are 
kept as low as practicable in the production 
of ductile iron, it is possible that traces of 
magnesium, sulfide, arsenide, and phosphide 
may be present. This would account for the 
odor and is the most likely cause. 

No data are available now to confirm this 
by qualitative tests, and no quantitative deter- 
minations of the gases are known to have 
been made. Considering that only a very 
small fraction of a very low magnesium 
content could be involved, it is not anticipated 
that the resulting concentrations of the gases 
in a machine shop could be serious under 
ordinary operating conditions. 

The Occupational Health Program, U. S. 
Public Health Service, is interested in learn- 
ing of any tests or determinations that have 
been made in a shop working ductile iron. 

The odor can be eliminated by substituting 
a cutting oil that is free of water for one 
that contains water. 

In the foundry, the production of ductile 
iron produces several hazards from splashes, 
magnesia fumes, heat, and light. These have 
been noted and discussed in an article by 
Robert E. Savage (Safety Practices in Pro- 
ducing Ductile Iron, Am. Foundryman, 23: 
145 [April] 1953). 
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WATERLESS HAND CLEANERS 


Although waterless hand cleaners have 
been on the market for many years, only 
recently has their popularity become wide- 
spread. These agents were originally and 
almost exclusively used by mechanics and 
allied tradesmen to meet the necessity of 
rapid and relatively efficient removal of soil. 

Recent developments in these products, 
however, have created a widespread applica- 
tion because of their ability to remove a 
variety of soils more quickly than does the 
conventional soap and water. They are 
marketed as pastes, thin creams, or liquids, 
and according to Lesser, can be divided into 
four main types: 


1. Those containing soap or a synthetic 
detergent as the chief active ingredient 


2. Those containing solvents 

3. Those similar to cosmetic cleansing 
creams 

4. Those containing thickening agents or 
gels 


With the increased use of these products, 
it became apparent that much information 
concerning their use was lacking; so that it 
was not possible to condone or condemn 
these materials categorically until they had 
been investigated, particularly with respect 
to their effects upon the skin. 

It is probable that many of these com- 
pounds will produce less cutaneous injury 
than would attend the use of raw solvents, 
such as gasoline, naphtha, and a variety 
of other related degressing compounds. How- 
ever, this reasoning does not justify their 
universal adoption. Consequently, it became 
necessary to study these products by deter- 
mining their basic structure and their effects 
upon the skin, before any sound conclusions 
could be reached. 

Some months ago, the U. S. Air Force 
requested the Occupational Health Field 
Headquarters in Cincinnati to conduct an 
evaluation of waterless hand cleaners, par- 
ticularly with regard to their cutaneous ef- 
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fects. At the completion of this study, about 
15 of the popular brands will have been 
studied, both in the laboratory and in the 
field. Since no set pattern for the evaluation 
of these agents had been established, it 
became necessary for us to develop our 
own testing pattern. 

Although a variety of procedures was 
employed in the laboratory, the observations 
for the greater part had to do with the chem- 
ical and physical nature of each cleaner, 
its stability under variable temperatures, its 


cleansing effects on various soils, and pH 
determinations, among other related data. 


The field utility of these compounds re- 
quired that they be used by men who could 
be observed over a period of time, and cuta- 
neous evaluation be made by periodic ex- 
aminations of the hands. As a pattern, which 
admittedly could be improved, we chose 
groups of 100 men and divided them so that 
three groups of 25 men would use a water- 
less hand cleaner, and a control group of 
25 men would not. Thus, each 100 men 
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studied would allow an evaluation of three 
different waterless cleaners and one control 
cleaner. By this technique, the efficiencies 
and effects of the cleaners could be compared 
againt one another and against the control. 

The technique employed for observing 
effects consisted of examining the hands 
with the binocular microscope and estab- 
lishing a primary reading 
ness, dryness, scaling, or fissuring of the 
skin and then continuing to examine the 
hands each week for the next three months 
of waterless cleaner usage. 

There are several variables which must 
be considered in the final evaluation of a 
given product and its effects upon the skin; 
for example, the influence of temperature 
and humidity, the nature of the workman’s 
exposures, the number of times which he 


based upon red- 
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may use the cleaner in any given day, and 
the intangible problem of extraoecupational 
exposures met with outside of the work- 
shop. Obviously these are difficult and some- 
times impossible to evaluate. 

When all the data have been analyzed, it 
is hoped that there will have been gathered 
a considerable increase in the knowledge of 
these materials as to their structure, pecu- 
liarities, cleansing efficiencies, and of most 
importance, their cutaneous effects. 

It is the impression that rapid improve- 
ments are taking place in the manufacture 
of these agents, and, although it is unlikely 
that they will become a substitute for soap 
and water, it is quite probable that they will 
be found to have a reasonably good utility 
in many industrial exposures. 


TIME TOTALIZER FOR PLUG-IN CONNECTION 


In the course of a study of radiologica! 
work habits of physicians, we needed to de- 
termine the total time of use of medical office 
fluoroscopes. Since no previous instance of 
extensive measurements of this kind was 
known to us, we devised the time totalizer 
described here. 

The requirements of the instrument were 
that it be portable, that it record only the 
time during which x-rays were actually being 
generated, and that it could be connected 
without tampering with the wiring or any 
part of the enclosed electrical system of the 
fluoroscope. As a secondary function, the 
device should also be equipped to count ex- 
posures. 

In a preliminary survey, we learned that 
nearly all the fluoroscopes to be studied were 
connected to the power lines by detachable 
plugs and cords, just like household ap- 
pliances. The power cord plug, therefore, was 
the most accessible point for attachment of 
the time totalizer. 

The principle of operation is shown in 
Figure 1. The low-voltage winding of a trans- 
former is placed in series with the equipment 
to be timed. Current drawn by the equip- 
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LOAD 


CoMPONENTS 


T-1, filament transformer, 5 v.c.t., 30 ampere sec- 

ondary, Merit catalog No. P-2943 

Powerstat Type 10, Superior Electric Com- 

pany, Bristol, Conn. 

ETI, elapsed time indicator, Haydon Manufactur- 

ing Company, Unit No. 5705-10, Torrington, 

Conn. 

Mechanical register, “Productimeter,” model 

6-Y-1-MF, Durant Manufacturing Company, 

Milwaukee. 

Relay, 115 v.. RBM Manufacturing Company, 
Logansport, Ind., Catalog No. 92513 

Rectifier, 500 ma, 130 v. 

Capacitor, electrolytic, 8 mfd, 450 v. 

Resistor, 200 ohm, 10 watt. 


ment induces a voltage in the high-voltage 
winding which closes a relay. The voltage 
applied to the relay can be adjusted by means 
of a variable transformer so that the relay 
will remain open when the x-ray tube fila- 
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ment alone is turned on but will close when 
the high-voltage transformer of the x-ray 
apparatus is added to the load. Two sensi- 
tivity ranges are provided by SW-1 which 
permits half or all of the low-voltage winding 
to be placed in series with the load. The relay 
controls an elapsed time indicator and a 
mechanical register. 

The relay is a critical component. The relay 
selected for the first model was quite satis- 
factory, but when additional units were built 
this relay was no longer available. A half- 
dozen other relays were tried and the best 
selected. The relay has adequate sensitivity 
and the dropout voltage is high with respect 
to the pull-in voltage, but it is inclined to 
chatter. 

The chatter was eliminated by placing a 
rectifier and electrolytic capacitor in the relay 
circuit as shown in Figure 1. The rectifier 
tends to lower the sensitivity of the system; 
so it should be used only if necessary. If the 
rectifier is not used, a capacitor is placed in 
series with the relay, optimum value to be 
determined experimentally. A tendency to 
spurious counting in the mechanical register 
was curbed by a series resistor, which im- 
proves the phase relationship between the 
voltage and current. 

When the unit is adjusted to maximum 
sensitivity, load currents as low as 1.5 
amperes will close the relay. It is obvious 
that the time totalizer can be used to record 
running time and number of on-off cycles of 
any alternating-current cord-connected ap- 
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pliance which draws current sufficient to 
close the relay. 

Five time totalizers have been built and 
were used in a study of the radiological work 
habits of pediatricians. Of 34 fluoroscopes 
studied, four could not be timed because they 
were permanently wired to the power line. 

The time totalizers will next be used in a 
study of radiological work habits of internists. 


Steps are being taken to obtain a unit which 
requires no connection with the fluoroscope, 
so that permanently wired equipment can also 
be timed. 

The time totalizer is shown in Figure 2. It 
is housed in a steel box, 12 x 6 x 7 inches and 
weighs 15 pounds. The approximate cost of 
all components was $70. 

Peter J. VALAER and Rosert P. CurIstMAN 


Occupational Field Headquarters, 
Public Health Service, Cincinnati. 
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HE ISSUED 
GOOD WORKING 
CONDITIONS 


TELLING THE STORY 


The exhibit displayed this summer and 
fall by the Massachusetts Department of 
Labor and Industries Division of Occupa- 
tional Hygiene ( Fig.) shows what can be 
done by a State or local organization with 
a little money and an idea. 


The folding exhibit costs approximately 
$300. The Division of Occupational Hygiene 
designed the exhibit, then turned to a profes- 
sional display company for technical help. A 
commercial photographer made necessary 
color transparencies. Dr. Alice M. Broad- 
hurst, the Division’s occupational hygiene 
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physician, wrote the captions for the trans- 
parencies. 

The portable exhibit was shown at the 
Massachusetts State House, where an esti- 
mated 15,000 saw it during the early summer. 
Later it was on display at Boston University, 
where more than 1000 more were able to 
see it. 

The Division of Occupational Hygiene 
plans to display the exhibit at appropriate 
public meetings, fairs, and safety demonstra- 
tions during the coming months. 
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PUBLIC HEALTH SERVICE RESEARCH GRANTS 


IN OCCUPATIONAL HEALTH 


Since 1947, nearly $3,000,000 has been 
allocated to 126 research projects in the 
fields of occupational and environmental 
health by the Public Health Service. Less 
than 10% of these projects, however, have 
been strictly related to occupational health. 
This has been due in large degree to the 
dearth of applications for research and 
fellowship grants in this field. To help stimu- 
late interest in this important area, the 
Division of Research Grants of the National 
Institutes of Health, established in 1945 to 
administer all research and fellowship grants, 
would like to call attention to opportunities 
available through the grants program. 

Section 301 of Public Law 410, the Public 

Health Service Act, passed in 1944, sets 
forth in detail the general scope of activity 
of the grants hnd fellowships program. It 
states: 
The Surgeon General shall conduct in the Public 
Health Service, aad encourage, cooperate with, and 
render assistance to other appropriate health 
authorities, scientific institutions, and_ scientists 
in the conduct of research, investigations, experi- 
ments, demonstrations and _ studies relating to 
the causes, diagnosis, treatment, control, and 
prevention of the physical and mental diseases and 
impairments of man, including studies of water 
purification, sewage treatment, and the pollution 
of lakes and streams. 

This same law requires that all research 
grants approved by the Surgeon General 
receive prior recommendation by the na- 
tional advisory councils established for this 
purpose, councils which are comprised for 
the most part of non-Federal authorities in 
various phases of interest. To assist the 
advisory councils on highly technical matters, 
study sections of experts in some 20 special 
fields of interest were appointed. The study 
sections, including the Sanitary Engineering 
and Occupational Health Study Sections, 
have two major responsibilities: (1) to 
review applications for research grants and 
provide technical advice on action to be 
taken, and (2) to survey the total research 
being conducted in their particular fields in 
order to stimulate additional work in neg- 
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lected areas. These councils and study sec- 
tions have, therefore, responsibility for a 
major portion of the guidance and admin- 
istration of the program. 

The Sanitary Engineering and Occupa- 
tional Health Study Section, at first called 
the Sanitation Study Section, was organized 
in the fall of 1946 and consisted of 15 per- 
sons, mostly from non-Federal institutions, 
who were recognized as authorities in the 
sanitary sciences such as milk and food sani- 
tation, insect and rodent control, water 
supply, stream sanitation, sewage and in- 
dustrial wastes, industrial hygiene, and 
atmospheric pollution. Each year about 25% 
of the membership of the Section is replaced 
to assure flexibility in the development of 
research programs. 


Persons interested in applying for a grant 
find it advantageous to affiliate with uni- 
versities or institutions because this affiliation 
facilitates the administration of the grant, 
provides the research worker with better 
facilities, and promotes collaboration with 
colleagues in related fields. 

Research projects related to environ- 
mental health are eligible for support so 
long as they bear directly or indirectly upon 
problems of health or disease. Projects ex- 
clusively or predominantly of local impor- 
tance and those which merely demonstrate 
the application of accepted scientific tech- 
niques are usually not recommended for 
support. 

The aim of the Public Health Service 
is to promote the highest quality of en- 
deavors in both fundamental and applied 
research, without restrictive regulations. 
Complete scientific freedom is accorded 
the investigator. Although applications for 
grants are evaluated primarily on the basis 
of scientific merit of the proposal, the sci- 
entist is free to modify his research design 
as the study progresses and to publish his 
results as he sees fit. 

Every effort is made to ensure that Public 
Health Service research grants do not pose 
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any administrative problems for the institu- 
tions where the application is being made. 
In this connection, the Public Health Service 
has adopted the following policy guides: 
1. Each grant must be approved by the 
dean or other administration officer in 
charge, on the assumption that he will as- 
sume responsibility for keeping salaries in 
line with others at the institution. 2. All or 
part of the salary of professional personnel 


may be paid from research grant funds to | 


the extent that it has previously been paid 
from other than regular institution funds. 
3. Summer salaries may be paid only in 
those cases where assurance is given that 
the institution allows its employees to accept 
extra compensation for summer or vacation 
service, whether rendered to the institution 
or to others. 4. Travel funds may be used 
for travel incidental to the successful prose- 
cution of the research project but not for 
foreign travel to international meetings. 
5. Equipment purchased with research grant 
funds becomes the property of the grantee 
institution. 6. Grant funds may not be used 
to free the institution of its normal admin- 
istrative responsibilities. 7. Grants are made 
on the principle of granting cash for one 
vear, with moral commitment for an addi- 
tional two to four years. 


It is important to note that the very title 
“Research Grant” connotes a distinction be- 
tween projects that are only demonstration 
or control measures and those that are 
research. It is realized that many projects 
in environmental health are a combination of 
demonstration, control, and research activi- 
ties. In such cases, the Study Section must 
make the determination, sometimes difficult, 
as to where the true emphasis lies. Research 
constitutes experiment or theoretical analysis 
leading to increased knowledge of natural 
phenomena, or it may be a collection of 
information needed prior to beginning a 
research project. In the field of environ- 
mental health, research may include the 
application of any basic data toward the 
devising of a new technique or piece of 
equipment, or it may be merely the testing 
of such techniques or equipment for the 
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purpose of determining clinical or experi- 
mental uses. 

A project may satisfy these requirements 
of research and still not merit support. Each 
application must be subjected to such criteria 
as the following : 

1. Is the investigator competent to do the work 

proposed? 


2. Is the problem significant 
closely allied research? 


to medical or 


3. Will the applicant have the necessary facili- 
ties to do the work? 


4. Does the project director have so many other 
responsibilities that he cannot give the neces- 
sary time to the research? 


5. Is the requested budget reasonable in relation 
to the work proposed? 


6. Is the proposal clearly defined and planned, 
with comprehension of previous work related 
to the problem? 


7. Is necessary collaboration from fellow scien- 
tists or other agencies definitely assured? 


In the field of environmental health 126 
projects have been supported from 1947 to 
1954 through recommendation of the Study 
Section and National Advisory Council con- 
cerned. These 126 projects may be grouped 
into the following categories : 


No. Amount 
Category Projects Approved 
32 $ 588.562 
Industrial wastes and stream 
Occupational health.......... 9 397,190 
12 187,751 
Rodent 4 98,510 
5 106,119 
Milk and milk produets........ 6 80,335 
Swimming waters............... 2 6,808 
Garbage disposal............... 2 34,500 
126 $2,702,404 


These grants have been made to a total 
of 53 institutions, primarily the graduate 
departments of colleges and _ universities 
within 23 States. 


In looking at this tabulation it is noted 
that since the inception of the program in 
environmental health only nine projects 
readily defined as belonging within the cate- 
gory of occupational health have been acti- 
vated. Funds granted for these have totaled 
$397,190, or in eight years an average of 
one project amounting to approximately 
$49,600 per vear. 
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In proportion to its importance, research 
in occupational health activities from the 
viewpoint of developing fundamental knowl- 
edge has made little advance, at least in 
this program. Leaders in this field have 
pointed out that too little has been accom- 
plished in basic studies leading to new or 
improved methods for determining causes 
and preventing occupational diseases. Of a 
total of $120,000,000 appropriated in sup- 
port of all medical and allied research in the 
program of the Division of Research Grants 
from 1947 to 1954, the $397,190 for occu- 
pational health research represents a very 
small fraction, or about 0.3%, of the total. 
The related field of air hygiene, with seven 
research projects in the amount of about 
$202,000, has received approximately 0.2% 
of the total funds appropriated. While growth 
of the entire program in funds has been 
most gratifying, ranging from an annual 
appropriation of $3,437,000 in 1947 and 
gradually rising to $28,266,000 in 1954, a 
ninefold increase, the rate of these funds 
granted in environmental health has not 
increased in relative proportion, but rather 
has greatly decreased. For example, while 
support for the whole field of environmental 
health was 1.7% of the total funds granted 
in 1947, it declined to 0.3% of the total 
funds granted for the year 1954. These 
figures also reflect the rates of decrease for 
support in occupational health. 


To indicate the types and to give some 
idea of the occupational health projects that 
have been supported by this program, there 
follows a list of these currently in progress: 


Current Occupational Health Projects 


Title of Project 
Lung tumors related to 
asbestos dusts 
Relation of hexavalent 
chromate dust to bron- 
chogenie carcinoma 
Experimental pulmonary 
cancer in monkeys exposed 
to beryllium compounds 
Pulmonary function in 


Institution 


Medical College of 
South Carolina 
Johns Hopkins Uni- 

versity 


Wayne University 


University of Southern 


diatomite industry California 
Criteria for diagnosis of Massachusetts General 
beryllium poisoning, Hospital 


asbestosis, and allied pul- 

monary diseases due to 

toxie chemicals and dusts 
Composition and movement 


University of Minne- 
of soil gases s 
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Public Health Service consultants who 
are and have been members of the Study 
Section have advised that additional research 
should be initiated in the field of occupational 
health. It is their consensus that the follow- 
ing problems need turther development: 
More economic methods and improved sci- 
entific techniques for biologic, chemical, and 
physical analyses of air in order to ensure 
safe levels of exposure to hazardous agents 
and to prevent atmospheric pollution in the 
working environment. 


Based upon discussions of authorities and 
upon the types of proposals that have been 
submitted for investigation, there are sug- 
gestions of many areas that need further 
study in the industrial or occupational 
health field. Among these are studies on 
pulmonary function tests for field use in 
industrial hygiene ; occupational hazards as- 
sociated with radiation exposure ; physiologic 
and pathologic effects of noise, mechanical 
vibration, temperature and humidity; pul- 
monary disease associated with the mining 
industry; determination of etiologic agents 
in industrial dermatoses; synergistic and 
antagonistic effects of mixed contaminants ; 
the clinical aspects of community air pollu- 
tion ; occupational diseases acquired through 
microbiologic-infected material, and toxicol- 
ogy of hazardous chemical substances. 


There are substantial ways to encourage 
and develop research potential in this field 
from the standpoint of personnel and facili- 
ties. One way might be through the efforts 
of the research committee of one or two 
of the large professional industrial hygiene 
associations by conducting a survey among 
consulting industrial hygiene engineers and 
physicians, industrial medical directors and 
personnel directors, industrial technologists, 
research and educational personnel, and 
others, to determine selection of problems 
for investigation and to distribute the find- 
ings through published reports. The next 
step might be to visit universities and other 
institutions potentially capable of conduct- 
ing projects in order to discuss the occupa- 


tional health problem and to stimulate 
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cooperative interest at such institutions, 
especially in their graduate departments of 
chemistry, physics, biology, bacteriology, 
pathology, toxicology, bio-statistics, and 
sanitary engineering, because it takes the 
combined knowledge of all of these dis- 
ciplines to promote and accomplish some of 
the best basic studies in occupational health. 


Through the mechanism of the Public 
Health Service research grant operation, 
funds are available for good proposals, but 
it is a certainty that to accomplish the tasks 
in this vast and important field much aid 
in exposing the needs and organizing meth- 
ods and approaches to getting the work 
done will have to come in large measure 
from the interest shown by professional 
organizations. Obviously, money alone does 
not develop good research. There is no 
doubt a need for the training of research 
scientists in industrial hygiene and related 
sciences at the graduate level with the ground 
work to be laid for preparation of such 
scientists at the undergraduate level. This 
can be done through careful planning with 
the aid of active groups concerned, whether 
the stimulus be from university professors 
or from research committees of our profes- 
sional societies. In this connection there is 
within the framework of the Research Grants 
Division a fellowship program which grants 
stipends for the training of research sci- 
entists through the master’s and doctor’s 
level in all facets of medical and related 
research, including industrial and occupa- 
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tional health and medicine. There have been 
two students in occupational health as com- 
pared with hundreds of students in other 
medical and related fields that have applied 
for and taken advantage of this opportunity. 

Personnel properly oriented and trained 
will serve as one of the most significant long- 
term stepping stones in satisfying the many 
unanswered questions that confront us in 
problems of occupational health. 

The Public Health Service, through its 
Division of Research Grants, is prepared to 
cooperate in the further advancement of re- 
search which is directly of concern to pro- 
fessional societies and other groups and 
would appreciate any assistance that is given 
toward stimulation and development of re- 
search activities in this field. Support in this 
direction might be served through meetings 
of members of our staff with designated 
members of occupational health research 
committees to discuss mutual interests for 
the purpose of taking positive action. 

Requests for research grant support should 
be submitted by an institution on behalf of 
an investigator's proposed research, using 
special application forms which may be 
obtained by writing to the Division of Re- 
search Grants, National Institutes of Health, 
sethesda 14, Md. 

IRVING GERRING 

Executive Secretary, Sanitary Engineering and 
Occupational Health Study Section, Division of 
Research Grants, National Institutes of Health, 


Public Health Service, Department of Health, 
Education, and Welfare. 
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HOW RESPONSIVE IS A RADIATION SURVEY METER? 


In surveying x-ray equipment to evaluate 
potential radiation hazards, it is frequently 
necessary to measure dose rates of exposures 
of short duration. Whenever possible, one 
should use a survey meter having a response 
time which does not exceed the duration 
of the exposure. If such a meter is not avail- 
able, rough corrections can be made from 
response time curves of available instruments. 

The essential item for determination of 
instrument response time is an x-ray source 
equipped with a timer which will limit the 
duration of the exposure to a selected value. 
Any conventional diagnostic radiographic 
unit should meet this requirement. 

The survey meter is placed on a table 
or other firm support on the axis of the use- 
ful beam. By varying kilovoltage, milli- 
amperage, filtration, and tube-to-meter dis- 
tance, the dose rate at the meter is adjusted 
so that the meter reads nearly full-scale after 
it comes to equilibrium during a prolonged 
exposure. With all parameters held constant 
except time, a series of exposures is made 
at various time intervals. The longest interval 
should be sufficient to insure that maximum 
deflection has been reached, and the shortest 
interval should produce a deflection of about 
20% of the maximum. The deflection of the 
meter needle for each time interval is re- 
corded. The procedure is repeated on the 
other sensitivity ranges of the instrument 
after appropriate changes in the beam in- 
tensity have been made. 

The meter readings of each series are 
expressed in per cent of the maximum or 
equilibrium value for the series and plotted 
versus time on a graph sheet. It is convenient 
to use semilogarithmic paper for this graph. 
Sample response time curves for a “cutie 
pie” type of instrument are shown in the 
Figure. This instrument requires 1.2, 5, and 
18 seconds, respectively, to reach full re- 
sponse on the < 100, & 10, and X 1 scales. 
A seemingly identical instrument made by 
the same manfacturer responded fully on 
the < 100, « 10, and 1 scales in 0.9, 
1.2, and 8.0 seconds, respectively. 
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Persons following the above procedure 
must take measures to protect themselves 
from exposure to x-rays. Protection may 
be provided by having two persons perform 
the experiment. One operates the x-ray unit 
and is protected in the operator’s control 
booth. The other person observes the meter 
from behind a portable protective barrier. 
Both persons should wear self-indicating 
dosimeters, and their positions should be 
monitored with a survey meter. 

Another important precaution is to avoid 
operating the tube longer than the permissible 
time for the kilovoltage and current used. 
It is preferable that the x-ray unit be operated 
by someone who is thoroughly familiar with 


Principal sources of error in the experi- 
ment described are (1) failure to read 
instrument correctly for exposures of less 
than one second, (2) inaccurate timer, and 
(3) fluctuations in output of tube. The first 
can be minimized by making the exposure 
once to determine approximate needle deflec- 
tion and a second time while observing 
closely that part of the scale which needle 
is expected to reach. The timer can be com- 
pared with a stop watch of known accuracy. 
The effect of fluctuating output is mitigated 
by drawing a smooth curve through the 
plotted points. However, it is important that 
the reading representing full response be 
carefully checked, as the other points are 
expressed as percentages of full response. 


PETER J. VALAER 


Division of Occupational Health 
U. S. Public Health Service 
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A ROTATING PLATINUM ELECTRODE ASSEMBLY 


Amperometric titrations are performed in 
industrial hygiene laboratories to determine 
microgram quantities of iron, cystine, halides, 
cyanide, sulfate, and many other substances. 
For many of these, a rotating platinum elec- 
trode is used as the indicator instead of 
dropping mercury electrode. A rotating elec- 
trode has the advantage that with it the 
diffusion currents are much greater than 
in unstirred solutions at the same concentra- 
tion, and the current attains a constant value 
immediately. In addition, platinum may be 
used at a more positive potential than mer- 
cury. However, it is essential that the speed 
of rotation of the platinum electrode be 
constant. 


A laboratory type cone-drive motor is 
suitable for rotating the electrode at a con- 
stant speed but costs far more than the 
apparatus illustrated here ( Fig.). 

The essential part of this apparatus is a 
motor from a 78 rpm record player, similar 
to the single speed motor listed in Allied 


Radio, Catalog No. 85R410 (net price, 
$4.00). The turntable was removed. A 
plastic pulley, 1 in. in diameter, and approxi- 
mately 1 in. thick, was attached to the fric- 
tion ring which originally made contact with 
the turntable. A 1% in. iron rod, 3 in. long, 
was threaded at one end to fit an inexpensive 
(40 cents) three-jaw chuck, and the other 
end turned down on the lathe to fit inside the 
bearing of the turntable support. A small 
hole was drilled % in. deep into the center 
of the bottom, threaded end of this rod. 
A 2¥% in. length of No. 20 copper wire was 
soldered into this hole. 

Into the top of this rod was drilled a % in. 
diameter hole also %4 in. deep, to be used 
as a well to hold a few drops of mercury. 
A brass pulley was turned on the lathe to 
fit snugly around the upper end of the iron 
rod protruding above the beai.ng (a set 
screw was added to insure a tight fit). This 
pulley was given the proper outside diam- 
eter to give a speed of approximately 600 
rpm to the electrode when connected to the 
other pulley by use of a thin rubber belt. In 
the apparatus described here, the pulley was 
¥g in. in diameter. This pulley size may 
have to be varied from motor to motor. 


The motor and electrode assembly was 
mounted beneath a piece of 5/16 in. plastic 
sheet, which, in turn, was attached to a 
ring stand clamp. A hole was drilled in the 
plastic directly above the mercury well and 
an electrical connection post mounted in the 
plastic near this hole. 


A copper wire attached to this post was 
passed through this hole into the mercury 
in the well, thus allowing continuous elec- 
trical contact from the post to the platinum 
wire. 

The author is indebted to Oscar C. Marsh for 
valuable assistance in the design and construction 
of this apparatus. 

E. P. Froyp 

From the U. S. Department of Health, Edu- 
cation, and Welfare, Public Health Service, Occu- 
pational Health Field Headquarters, Cincinnati. 
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CASES OF HOT PHOSPHORIC ACID POISONING 


Two men collapsed in a metal-parts clean- 
ing operation in which solutions of hot 
phosphoric acid were used. The staff physi- 
cian diagnosed the cases as_ phosphine 
poisoning. When the Environmental Re- 
search Laboratory checked the environmental 
exposures, concentrations of phosphine as 
high as 0.28 ppm were found in the work 
area. The phosphine had escaped from tanks 
containing a 15% solution of phosphoric 
acid, despite a well operating side-vent ex- 
haust hood. Escape of these fumes into the 
general atmosphere was due to cross drafts 
from open windows. The workers on the 
dipping operation were required to pull chain 
hoists while in the highly contaminated area. 
Because of the lack of thermostatic controls, 
boiling often occurred in the tanks, tending 
to increase the evolution of phosphine. 

At another installation, containing 40% 
solution of phosphoric acid but without 
provision for exhaust, similar evolution of 
phosphine occurred. The location of the 
tank was such that all the fumes passed 
through the working area. As a result, 
concentrations as high as 0.34 ppm _ phos- 
phine were measured. 

Recommendations for correcting these 
situations included proper shielding of ex- 
haust hoods to eliminate cross drafts, con- 
struction of a new exhaust system for the 
second installation, use of electric hoists 
in the contaminated areas to minimize physi- 
cal exertion, and thermostatic control of 
phosphoric acid baths to maintain a tempera- 
ture between 140 and 170 F. 
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The limiting threshold concentration of 
phosphine has been set by the American 
Conference of Governmental Industrial Hy- 
gienists for repeated daily exposures at 0.05 
part per million parts of air. In addition 
to phosphine being a dangerous fire and 
explosion hazard, inhalation of phosphine 
may affect the eyes, causing dilation of the 
pupil. Effects of prolonged exposure to low 
concentrations are similar to those of phos- 
phorus, producing brittling of the teeth and 
bones. Concentrations of 0.2% and higher 
are rapidly fatal, first producing dypsnea, 
lowered blood pressure, slowing of the heart, 
nausea, vomiting, convulsions, fainting, 
paralysis, and coma. Recovery without after- 
effects may occur from mild exposures. The 
threshold for odor perception is said to be 
from | to 3 ppm. Phosphine odor, therefore, 
cannot be used as a warning in view of the 
extremely low value of the permissible safe 
concentration. 


Although numerous cases of phosphine 
poisoning have been previously reported, 
little attention has been given similar haz- 
ards from hot phosphoric acid baths. It is 
believed that the elevated temperatures in 
these baths in the presence of metal produce 
sufficient nascent hydrogen to reduce some 
of the phosphoric acid or possibly reduce 
the phosphorus in the metal to phosphine. 

From the Environmental Research Laboratory, 


University of Washington School of Medicine, 
Seattle. 
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integrate 
your knowledge 
by reading these 
related specialty 
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Designed to save 
you hours of reading 

time through visual pres- 

entations . . . to provide you 

with timely tips every month .. . 

to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 


A. M. A, 
Archives of 
DERMATOLOGY 


Write for subscriptions to: 
AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Ill. 


Dept. (1. M.) 


instant 
first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with (i), ... 


When a poisonous snake strikes, suction must be applied im- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 


victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 
iodine swabs, adhesive bandages, Saunders’ venom-suction pump 


with two adapters. Write for data. 


* Patented 


Mieco pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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Terramycin has proved effective against an amazing 


variety of pathogens—ranging from sub-microscopic viruses to large helminthic 
parasites; findings supported by scientific reports by thousands of physicians 
on millions of cases.g Supplied in convenient and palatable oral dosage forms 
as well as rapidly effective parenteral, topical and ophthalmic preparations. 


*BRAND OF OXYTETRACYCLINE 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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